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Description 



Compositions and Methods for Diagnosis and Therapy 
of Malignant Mesothelioma 

5 

1- Background of the Invention 

^^^o,,c l * Bsp]t » itytoUai , e4sla , Bftovis . oiBl 

Z?T° mMm ' 6M FeWy * ^ *• — — • 

zr r " m —* - ^ — °~ °« 

Heallh aid Human Services under grant nlmb e, SBIR R43 CAS1752. 
3-1 Relo of the Invention 

More praneurart,, „ concerns the surprising discover, ofenmposidons and methods for the 
detect™ and immunotherapy of mesotheliomas, and pa^enMy, mangnan, plemaI 
-sodrehora, n. invendon provides new, effecdve method* compositions and kte for 
enctmg mamune and T-ce„ response* Witas , 

fragment, am, methods for the us. of such emulous for diagnosis, detection, treatment/ 
^^^^^^^^ 

1-2 Description of Related Art 
1.2.1 Wilms' Tumor Antigen 

Toe Wilms- tumor gene encodes a nucleur-expressed po!vpep,ide designated WT1, 

aa winch is possesses the structural features of a rail u a- ... 

ai icarures ot a DNA binding Iransenption factor. WT1 has 

active,, spaced variants, uiCuding a 42*am ilK , acid peptide enmpdsing four 
contiguous zinc tinge, domains a, its cart™, tenramK , and a gmtamnWpronne-rich region 
a. its amino tenninns, tha, mediates transcription, suppression oe activation in transient 
transfection assays. 
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A ,y of a^'c leagems „ fc detecliol) of WJ ^ ^ 

P0W„ naI aeia ,M spseiileaHv lecogofee lar ge o, lOTaI a™ ac id „ J 
v»H * pCypepUd, Coaiaie.iaUv availaole WJ 

^ - miaam disadvmlages cross reaajvjiy ^ c)ose)y ^ 

-« - pdveiona, sera. Sllch „ „ ^ ml jmac ^ y desirabfe fc r 

" fM -gen* 8, „ Wiobibilion of WT. 

polypeptide. 

; Co^e^v-avai.ao,. monocloMj ^ ^ ^ 

are fc most ^ diagnoaie • 

2" ~ -** — *- vaHaa, se^ces (wW co a. ex^ i„ 
2 ■ aHe™^^ W,^ or W broad* -- 

i tM D ^ON„vWr 1 P„ 1 .vP Er r 1DES1NMAUCNANTMK;oijjEuoMA 

by expose ,„ aslastoa ^ ^ of worte w]x> ^ ^ w ^ 

*. I- of asbeslos leguMo, Md ^ _ _ ^ ^ ^ 

■We la addilion, worteis eonliaue ,„ oa exposed to signi f KaM « of ^ 

^ ^^•aisa^dis^doHog^va^^orde.o^ Asbealos- 
— » be foead ia indlKOia]( co „, ^ 

- U. S„ lesaabig b a afeeab.e pop ulalioD ftat ^ „ risk for ^ 
mesothelioma. ^ 

Tie prognosis fo, nMgaa,,, mmMkm „ „ y ^ rf fc ^ 

Surgery, as weH as adjovaa, ^ ( , g „ inlefft[on „ 

effecve bealaieal, bo, «fr ia , he raIe evcnl of ^ ^ 

>-3 Deficiencies in the Prior Art 

A laajo, otslae,. „ CCMeinporaiy ^ ^ ^ ^ ^ 

* *e ab,„v ,o iabibi, mulliplicalioi , „ ^ ^ 

of aonaa, ceH, Unfo fluna ,e, y , « mesollKlionia ^ ^ ^ 
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advanced stages, where neither radiation, nor chemotherapy, nor multimodality treatments 
can significantly alter the poor prognosis. Moreover, the absence of a standard effective 
therapy for these patients makes long-term survival unlikely (Von Bultzingslowen, 1999; 
Gennaro et al. , 2000). 

The poor survival rate for patients afflicted with malignant mesothelioma, however 
could be greatly improved by diagnostic methods that provide more accurate and earlier' 
detection, as well as improved therapies that selectively inhibit the hyperproliferating 
meothelioma cells. The need also exists for effective treatment regimens for mesotheliomas 
andmparticula^humanm^ 

of existing therapies and provide more specific gene expression of the merapeutic constructs 
directly in the cancerous cells. Development of suitable treatment regimens for human 
nrahgnant pleural mesotheboma would represent a significantaovanceforthose of skill in the 
oncolog.c arts, and would facilitate improved diagnostic and therapeutic modalities for this 
aggressive cancer. 

2. Summary of the Invention 

The present invention addresses the foregoing long-felt need and other deficiencies in 
the art by identifying new and effective strategies for the diagnosis, detection, prophylaxis, 
therapy, and immunomodulation of WT1 -associated cancers, and in particular, malignant 
pleural mesothelioma. The present invention is based, in part, upon the surprising and 
unexpected discovery that immune and T cell responses to particular antigenic peptide 
fragments of the Wilms' tumor (WT) gene product (eg., WTI) can provide particularly 
advantageous compositions and methods for the diagnosis, prophylaxis and/or therapy for an 
annual having, suspected of having, or at risk for developing one or more malignant diseases 
characterized by increased WTI gene expression, and i n particular, malignant pleural 
mesothelioma in a human. The WTI gene was originally identified and isolated on the basis 
of a cytogenetic deletion at chromosome 1 lp,3 in patients with Wilms' tumor (U. S. Patent 
No. 5,350,840). The gene consists of 1 0 exons and encodes a zinc finger transcription factor, 
and sequences of mouse and human WTI polypeptides are provided in FIG. I (SEQ ID 
NO.-31 9 and SEQ ID NO:320, respectively). 
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In a first embodiment, the invention provides a method of generating an immune or a 
T-cell response in an animal, and in particular in a mammal such as a human. The method 
concerns in a general sense Ihe administration of at least a first composition to the animal that 
compnses at least a first isolated peptide of from 9 to about 60 amino acids in length or at 
5 least a firstnucleic acid segment that encodes such a peptide, wherein the peptide comprises 
a first contiguous amino acid sequence according to any one of SEQ ID NO:l to SEQ ID 
NO:4, SEQ ID NO:13 to SEQ fD NO:20, SEQ ID NO:28 to SEQ ID NO:311, SEQ ID 
NO:3I3, SEQ ID NO:314, SEQ ID NO:3I6 to SEQ ID NO:318, and SEQ ID NO:32I to 
SEQ ID NG:326, and more particularly, a contiguous amino acid sequence according to any 

JO one of SEQ ID NO:28 through SEQ ID N03 1 8 with ivntirW ^ 

& v J 1 B > wtjl peptides compnsmg one or more of the 

primary amino acid sequences disclosed in SEQ ID NO:2, SEQ ID NO:34, SEQ ID N035 

SEQ ID NO:49, SEQ ID NO:88, SEQ ID NO: 144, SEQ H) NO:147, SEQ ID NO I85 SEQ 

IDNO^^SEQIDNO-.lop.SEQroNO^SEQIDNO^SEQIDNO^andSEQ 
ID NO.-293 being particularly preferred. 

15 The invention encompasses peptides that may be of any intermediate length in the 

preferred ranges, such as for example, those peptides of about 55, about 50, about 45, about 
40, about 35, about 30, about 25, about 20, or even about 15 amino acids or so in length as 
well as those peptides having intermediate lengths including all integers within these ranges 
(e g, the peptides may be about 54, about 53, about 52, about 51, about 49, about 48, about 
47, about 46, about 44, about 43, about 42, about 41, about 39, about 38, about 27, or even 
about 36 or so amino acids in length, etc.). In particular embodiments, when smaller 
pepUdes are preferred, the length of the peptide may be 9, or about 10, or about 1 1, or about 
12, or about 13, or about 14 or even about 15 or so amino adds in lengm, so long as the 
peptule comprises at least a first contiguous amino acid sequence according to any one of 
SEQ ID NO: 1, SEQ ,D NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO.13, SEQ ID 
NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:I7, SEQ ID NO:18, SEQ ID NG19 
^ SEQ ID NO:20, as well as any one of SEQ ID NO:28 to SEQ ID N0 31 1 SEQ ID 
NO:3I3, SEQ ID N Q :314, SEQ ID NO:316 to SEQ ID NO:318, SEQ ID NO:32,', SEQ ID 
NO:322, SEQ ID NO:323, SEQ ID NO:324, SEQ ID NO:325, and SEQ ID N0326 
I^ewse, when slightly longer peptides are preferred, the length of the peptide may be about 
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14 or about 17,orabout 18,orabout 19, or about 20, or about 21, or about 22, or about 23, 
or about 24, or even about 25 or so amino acids in length, so long as the peptide comprises at 
least a first contiguous amino add sequence according to any one of SEQ ID NO:l to SEQ 
ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID 
5 NO:313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID NO:31 8 and SEQ ID NO:321 to SEQ 
ID NO:326. When intermediate-length antigenic peptides or antigen binding fragments are 
desired, the peptides may be on the orfer of about 26, or about 27, or about 28, or about 29 
or about 30, or about 31, or about 32, or about 33, or about 34, or even about 35 or so amino' 
acids in length, so long as they each comprise at least a first contiguous amino acid sequence 
10 according to any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO-20 
SEQIDNO:28to SEQIDNO:311, SEQIDNO:313, SEQIDNO:314, SEQ IDNO:316to 
SEQ ID NO:31 8, and SEQ ID NO:321 to SEQ ID NO:326. 

These peptides comprise at least a first contiguous amino acid sequence according to 
any one of SEQ ID NO:I to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID 
15 NO:28 to SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID NO:326, but may also, 
optionally comprise at least a second, at least a third, or even at least a fourth or greater 
contiguous amino acid sequence according to any one of SEQ ID NO:l to SEQ ID N0 4 
SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID NO:3b! 
SEQ ID NO:314, SEQ ID NO:316 to SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID 
20 NO:326- A single peptide may contain only one of the contiguous amino acid sequences 
disclosed herein, or alternatively, a single peptide may comprise a plurality of contiguous 
amino acid sequences according to any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID 
NO.-13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:311, SEQ ID NO:313, SEQ ID 
NO:314, SEQ ID NO:316 to SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID NO:326. In 
25 fact, the peptide may comprise a plurality of the same contiguous amino acid sequences, or 
they may comprise one or more different contiguous amino acid sequences disclosed in SEQ 
ID NQ:I to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID 
NO:31 1, SEQ ID NO.313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID NO-318 and SEQ 
ID NO.-32I to SEQ ID NO.326. For example, a single peptide of from 9 to about 50 amino 
-0 acds in length could comprise a single epitopic peptide disciosed herein, or could comprise 
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2, 3, 4, or even 5 distinct epitopic sequences as disclosed in any of SBQ JD NO:l to SEQ ID 
NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID 
N0:313, SEQ ID NO:314, SEQ lb NO:316 to SEQ ID NO:318 ? and SEQ ID NO:32I to 
SEQ ID NO.-326. Alternatively, a single peptide of from 9 to about 50 amino adds in length 
5 could comprise 2, 3, 4, or even 5 identical epitopic sequences as disclosed in any one of SEQ 
ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID 
NO:31 1, SEQ ID NO:313, SEQ ID NO:314, SEQ ID N0316 to SEQ ID NO:318, and SEQ 
ID NO:321 to SEQ ID NO:326. 

In one exemplary embodiment, the peptide composition comprises at least a first 
10 isolated peptide of from 9 to about 40 amino acids in length, or at least a first nucleic acid .. 
segment that encodes such a peptide; wherein the peptide comprises at least a first contiguous 
amino acid sequence selected from the group consisting of SEQ ID NO:34, SEQ ID NO:35, 
SEQ ID N0.49, SEQ ID NO:88, SEQ ID NO: 144, SEQ ID NO:147, SEQ ID NO:185, SEQ 
ID NO:l 98, SEQ ID NO:199, and SEQ ID NO:282. 

Prefeired peptides of the present invention likewise encompass those from 10 to 
about 60 amino acids in length, those from 11 to about 60 amino acids in-length, those from 
12 to about 60 amino acids in length, those from 13 to about 60 amino acids in length, as 
well as those from 1 4 to about 60 amino acids in length, and those from 15 to about 60 amino 
acids in length. Likewise, preferred peptides of the present invention encompass those from 
16 to about 60 amino acids in length, and any and all lengths, and sub-ranges of lengths 
within the overall preferred range of peptides of from 9 to about 60 amino acids or so in 
length. In similar fashion, the invention also encompasses those peptides having a length of 
from 10 or 1 1 to about 55 or 60 amino acids in length, and those having a length of from 12 
or 13 to about 45 or 50 amino acids in length, as well as those peptides having a length of 
from 1 4 or 1 5 to about 35 or 40 amino acids in length, those peptides having a length of from 
16 or 17 to about 25 or 30 amino acids in length, and those peptides having a length of from 
18 or 19 to about 20 or so amino acids in length, and so on, to include all sub-ranges within 
the overall range of from 9 to about 60 amino acids in length. 

Throughout this disclosure, a phrase such as "a sequence as disclosed in SEQ ID 
NO:l to SEQ ID NO:4" is intended to encompass any and all contiguous amino acid 
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sequences disclosed by any of these sequence identifiers, and particularly, the peptide 
sequences disclosed in Table 2 through Table 49 of the present specification. That is to say 
a sequence as disclosed in any of SEQ ID NO:l through SEQ ID NO:4» means a sequence' 
that 1S disclosed in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID ND4 
5 L* ew ise, "SEQ ID NOs:25 U> 3T> means any and all such sequences as disclosed in SEQ ID 
NO:25, SEQ ,D NO:26, SEQ ID N027, SEQ ID NO:28, SEQ ID N0.29, SEQ ID NO30, 

SEQ,DNO:3,,SEQIDNO:32,SEQIDNO:33,SEQlDNO^SEQ,D>10:35,SEQID 
NO:36,and SEQIDNO:37,andsoforth. In fact, the invention encompasses peptides and 
polynucleotides encoding them that comprise at least a first contiguous amino acid sequence 
10 -. -«. Aactoed in «Qr tee of ^--^MesiaWfierf^-SEQ H> NCtel « SEQ^lErMO^ SEQ 
ID NO:13 to SEQ IDNO50, SEQiDNO:28to SEQ E) 1^0:311, SEQIj6NO:313, SEQID 
N0.3I4, SEQ IDNO.-316 to SEQIDNO:3I8, and SEQ lDNO:321 to SEQEDNOJ26. 

The invention also encompasses polynucleotides that comprise at least a first 
sequence region that encodes one or more of the peptides or peptide variants as disclosed 
herem. Such polynucleotides may comprise a sequence region of 27 to about 5000 
nucleotrdes in length, or a sequence region of 27 to about 2000 nucleotides in length or a 
sequence region of 27 to about 1000 nucleotides in length, or a sequence region of 27 to 
about 900, or about 800, or about 700, or about 600, or about 500, or about 400, or about 
300, or about 200, or even about 100 or so nucleotides in length. 
"> As in the case of the peptides, the length of the sequence region that encodes the 

peptide may be of any intermediate length in these ranges, such as those polynucleotides thai 
comprise at least a first sequence region of from about 30 to about 750 nucleotides in length, 
those that comprise at least a first sequence region of from about 35 to about 650 nucleotides 
m length, and those that comprise at least a first sequence region of from about 40 to about 
550, about 450, about 350, about 250, about 150, or even about 50 or so nucleotides in 
length. Such sequence regions may be on the order of about 27, or about 28, or about 29, or 
about 30, or about 31, or about 32, or about 33, or about 34, or even about 35 or so 
nucleotides in length, so long as the sequence region encodes at least a first peptide that 
compnses at least a first contiguous amino acid sequence according to any one of SEQ ID 
NO:l to SEQ ID NO:4, SEQ ,D NO:13 to SEQ ID NO.20, SEQ ID NO:28 to SEQ ID 
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NO:3] 1, SEQ ID N0313, SEQ IDNO:314, SEQ ID NO:3,6 to SEQ ID NO:318, and SEQ 
ID NO:32I to SEQ ID NO:326. When intenn.diate-Jength antigenic peptides or antigen 
bmdmg fragments are desired, the nucleic acids that encode them may be on the order of 
about 40, about 45, or about 50, or about 55, or about 60, or about 65, or about 70, or about 
75, or about 80, or even about 85 or 90 or so nucleotides in length, so long as they each 
encode at least a fin* peptide that comprises at least a first contiguous amino acid sequence 
accorcbng to any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO: 1 3 to SEQ ID N020 

SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO-3,6 to 
SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID NO:326. When polynucleotides are 
contemplated that comprise sequence regions encoding larger antigenic peptides or antigen- 
btndmg fragments, thenucleic acid sequence region encoding them will necessarily be longer 
m length. For example, a nucleic acid sequence region encoding a peptide Or antigen binding 
fragment on the order of about 40 .6 50 amino acids in length, will necessarily be at least 
from about 120 to about 150 or so nucleotides in length, given the fact that a triplet codon is 
1 5 required to encode a single amino acid. 

Likewise, the polynucleotides comprising such sequence regions can be substantially 
larger than the coding region itself, particularly when the sequence region is operably linked 
to one or more promoters, or to one or more sequence regions that encode one or more signal 
sequences^d/orpeptidefusionproducts. In those embodiments, the polynucleotide may be 

!0 on the order of about 500, about 600, about 700, about 800, about 900, about 1000, about 
n00, about 1200, about 1300, about 1400, or even about 1500, 1600, 1700, 1800, 1900, or 
even 2000 or so nucleotides in length, even up to and including those sequences that are on 
the order of about 10,000 or so nucleotides in length. Such polynucleotides are particularly 
useful m the preparation of expression vectors, delivery vehicles, viral vectors, and 

5 transfonned host cells mat express the particular encoded peptide(s) and/or antigen-binding 
fragment(s) encoded by the sequence region comprised within the polynucleotide and/or 
genetic construct or expression element. 

In another exemplary embodiment, the peptide comprises at least a first isolated 
peptide of from 9 to about 1 , amino acids in length, or at least a first nucleic acid segment 
> that encodes the peptide; wherein the peptide consists essentially of the amino acid sequence 
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of any one of SEQ TO NO:I to SEQ ID NO.4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID 
NO:28 to SEQ ID N03I t, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO.-316 to SEQ ID 
NO.-318, and SEQ ID NO:32I to SEQ ID NO:326. 

Similarly, in another related embodiment, the peptide comprises at least a first 
isolated peptide of from 9 to about 10 or II or so amino acids in length, or at least a first 
micleic add segment that encodes the peptide; wherein the peptide consists of me amino add 
sequence of any one of SEQ ID NO: 13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID 
NO:31 1, SEQ ID NO:313, SEQ ID NO:314, and SEQ ID NO:316 to SEQ ID N0318, and 
particularly wherein the peptide consists of the amino acid sequence of any one of SEQ ID 
NO:34, SEQ ID NO:35, SEQ ID NO:49, SEQ ID NO:88, SEQ ID NO:144, SEQ ID NO:147, 
SEQ ID NO:185, SEQ ID NO:198, SEQ ID NO:199, and SEQ ID NO:282. 

In addition to peptides and compositions that comprise a single peptide species, the 
invention also concerns compositions that comprise 2, 3, 4, or more peptide species and/or 
the polynucleotides that encode such peptides. Such pluralities of peptide and/or 
polynucleotide spedes are particularly desirable in the formulation of therapeutic agents that 
comprise pluralities of peptides having two or more different contiguous amino add 
sequence as disclosed in the amino acid sequences of SEQ IDNOrl to SEQ ID NO:4, SEQ 
ID NO:13 to SEQ ID NO:20, SEQ lD NO^S to SEQ ID NO:31 1, SEQ ID NO:313, SEQ ID 
NO:314, SEQ ID NO:316 to SEQ ID NO.-318, and SEQ ID NO:321 to SEQ ID NO:326, 
and/or a plurality of polynucleotides that encode such peptides. Irrespective of the source of 
the particular antigenic WTl-derived peptide and polynucleotide compounds, the invention 
particularly contemplates the use of one, two, three or four distinct peptides, polynucleotides 
or derivatives thereof, up to and including a plurality of such compounds. This exemplifies 
the use of singular teiminology throughout the entire application,, wherein the terms "a" and 
"an" are used in the sense that they mean "at least one", "at least a first", "one or more" or "a 
Plurality" of the referenced components or steps, except in instances wherein an upper limit is 
thereafter specifically stated or would be understood by one of ordinary skill in the art. The 
operable limits and parameters of combinations, as with the amounts of any single agent, will 
be known to those of ordinary skill in the art in light of the present disclosure. 
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He additionaf peptides m such camp-ons may a,, of appraximafely the same 
s*e and/or appmximatefy the plimlBy ^ ^ _ fc 

peptides may differ considerably in laigth ^ ^ — ^ — 
™'~^com^^ 

Such colons may also optionatiy tohcr comprise a. leas, a ft* immtumstimmam or 
a. eas, a fc, adjm™, aa described herein. Such to^,,^^ ^ ^ 
preferentially enhance a T-cell response ia a human, and may preferably be selected from the 
group consist „f Moafanide fSAaO. Seppic Montamde ISA720 , a calcine, a nttctnspbcm. 
10 a daaefhy, dibctodecyl ammonium bromide adprvan,, as.,, AS-2, Kibi Adjavam, QS21 
sapotan, microfmidized Syntax adjuvant M V, ddMV, ^ iBmme ' 

" toXi °- ^ *"*«■ — ** aad partcafarf, in Section 4 

tire compositions may be footed for „ ^ ^ 

motion info one or mo re diagnostic o, therapeutic ai* for Cmica. packaging and/or 
commercial resafe, with tho* folmula , ions mitable for ^ _ ^ ^ ^ 

a human, with parenteral, infravenous, intraperitoneal subcutimeoua, mtianasaf, transdennal 
and oraf routes being particufarly preferred. 

™e compositions may findter. optionaffy complise one or ^ daMion 

therapenttc reagent. h the case of aiagnosllc ^ fa ^ 
optionaffy comprise one or more defecfabfe fabefs tha. may be used „ botir m vfn-„ and/or « 
v^ diagnoaticandUterapeuticmefbo^logie, m me c*e of therapeatic compositions and 
fonnufations, me composititms of the invention may also farther optim,^ comprise one or 
more addition! anti-cancer, ami-mesothelioma o, otiose therapemicaBy-benefjcia, 
cmnponenta as may be required in panicular circmnstamtes, and such like. 

fn anomer aspect, the invention also provides metitods for inhibiting me devefopmen, 
of mahgnan, mesothelioiBa h . ^ ^ ^ ^ ^ 

a pftamtaceuticaf companion comprising: (a) a WTf peptide tita, comprises an 
anmmtogeaic portion of a native WT, o, a variant thereof tha, differs in Me 0 , m 
sobstttutions, deletions, additions aadfo, insertions such mat me ability of the variam loreac, 
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with antigen-specific antibodies and/or T cell lines or clones is not substantially diminished; 
and (b)a physiologically acceptable carrier or excipient Within certain embodiments, the 
patient is afflicted with malignant mesothelioma. In other embodiments, the composition is 
administered prophylacticaliy to a patient considered at risk for the development of 
5 malignant mesothelioma. The WT1 peptide may, but need not, be present within a vaccine, 
which further comprises an immunostimulant, such as an adjuvant 

Within further aspects, methods are provided for iitbiblting the development of 
malignant mesothelioma in a human patient comprising administering to a human patient a 
pharmaceutical composition, comprising: (a) a polynucleotide encoding a WT1 peptide, 
1 0 wherein the peptide comprises an immunogenic portion of a native WT1 or a variant thereof 
that differs in one or more substitutions, deletions, additions and/or insertions such that the 
abUity of the variant to react with antigen-specific antibodies and/or T cell lines or clones is 
not substantially diminished; and (b)a pharmaceutically acceptable carrier or excipient 
Within certain embodiments, the patient is afflicted with malignant mesothelioma. In other 
15 embodiments, the composition is admmistered prophylacticaliy to a patient considered at risk 
for the development of malignant mesothelioma. The WT1 polynucleotide may, but need 
not be present within a vaccine, which further comprises an immunostimulant such as an 
adjuvant. 

Methods are further provided for inhibiting the development of malignant 
mesothelioma in a human patient comprising administering to a human patient a pharma- 
ceutical composition, comprising: (a) an antibody or antigen-binding fragment thereof that 
specifically binds to WTl ?and (b) a pharmaceutically acceptable carrier or excipient. Within 
certain embodiments, the patient is afflicted with malignant mesothelioma. In other 
embodiments, the composition is administered prophylacticaliy to a patient considered at risk 
► for the development of malignant mesothelioma. 

Within further aspects, methods are provided for inhibiting the development of 
malignant mesothelioma in a human patient comprising administering to a human patient a 
pharmaceutical composition, comprising: (a) a T cell that specifically reacts with WT1; and 
(b)a pharmaceutically acceptable carrier or excipient. Within certain embodiments, the 
patient is afflicted with malignant mesothelioma. In other embodiments, the composition is 
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adhered prophylacticafly to a patient considered at risk for the development of 
malignant mesothelioma. 

Further methods for inhibiting the development of malignant mesothelioma fa a 
human patient comprise administering to a human patient a pharmaceutical composition, 
compnsmg: (a) an antigen-presenting cell that expresses (i) a WT1 peptide that comprises an 
nnmunogenic portion of a native WT1 or . variant thereof that differs in one or more 
substitutions, deletions, -^^ima^^^^^^^ 
with antigen-specific antibodies and/or T celt lines or clones is not substantially diminished- 
and (b) a pharmacentically acceptable carrier or excipient. Within certain embodiments the 
P^ent is afflicted with malignant mesothelioma. In other embodiments, the composition is 
administered prophyJactically to a patient considered at risk for the develops of 
^ignantmesotheliom, ^m^in^a*^.*^^*^^* 
vaccine, which further comprises an faununostimulant, such as an adjuvant 

Within other aspects, the present invention provides methods for inhibiting the 
15 development of malignant mesothelioma fa a human patient, comprising administering to a 
human patient a preparation of stimulated and/or expanded T cells, wherein the T cells are 
stimulated and/or expanded by contact with a WT1 peptide, a polynucleotide encoding a 
WT1 pepude and/or an antigen-presenting cell that expresses a WT1 peptide. The T cells 
^ te ^,for:example,witlun 

marrow or peripheral blood (, g ., obtained from a patient afflicted with malignant 
mesothelioma). The T cells may, but need not, be cloned prior to expansion. 

Methods are further provided for inhibiting the development of malignant meso- 
tron* fa a patient, compn^ (a) incubating CD4+ and/or CD8 + T cells 
isolated from apatient with one or more of: (i) a WT1 peptide; (ii) a polynucleotide encoding 
-5 a WT1 peptide; or (iii) an antigen-presenting cell that expresses a WT1 peptide; such that the 
T cells proliferate; and (b) administering to the patient an effective amount of the proliferated 
Tcells. 

Further methods for inhibiting the development of malignant mesothelioma in a 
patient, comprising the steps of: (a) incubating CD4 + and/or CDS* Tcells isolated from a 
0 patient with one or more of: (i) a WT1 peptide; (ii) a polynucleotide encoding a WT1 
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peptide; or (iii) an antigen-presenting cell that expresses a WTl peptide; such that the T cells 
proliferate; (b) cloning one or more cells that proliferated in the presence of WTl peptide; 
and (c) ^administering to the patient an effective amount ofthe cloned T cells. 

Within other aspects, the present invention provides method for determining the 
5 presence or absence of malignant mesothelioma in a patient, comprising the steps of: 
(a) incubating CD4* and/or CD8* T cells isolated from a patient with one or more of- ® . 
WTl peptide;-(ii>a polynucleotide encoding a WTl peptide; or (iii) an antigen-presenting 
cell that expresses a WTl peptide; and (b)detecting the presence or absence of specific 
activation of the T cells. The step of detecting may comprise, for example, detecting the 
10 ^^orabsericeofprbliferanonof^ 

The present invention further provides methods for determining the presence or 
absence of malignant mesothelioma in a patient, comprising the steps of: (a) incubating a 
b.olog.cal sample obtained from a patient with one or more of: (i) a WTl peptide- (ii) a 
polynucleotide encoding a WTl peptide; or (iii) an antigen-presenting cell that expresses a 
15 WTl pept.de; wherein the incubation is performed under conditions and for a time sufficient 
to allow immunocomplexes to form; and (b)detecting immunocomplexes formed between 
the WTl peptide and antibodies in the biological sample that specifically bind to the WTl 
peptide. The step of detecting, may comprise, for example, (a) incubating the 
.mm.mocomplexes with a detection reagent that is capable of binding to the immuno- 
20 complexes, wherein the detection reagent comprises a reporter group, (b) removing unbound 
detection reagent, and (c) detecting the presence or absence of the reporter group. 

; Methods are fim^r provided,- whhin other aspects, for monitoring the effectiveness 
of an immunization or therapy for malignant mesothelioma in a patient, comprising the steps 
of: (a) incubating a first biological sample with one or more of: (i)a WTl peptide- (ii)a 
25 polynucleotide encoding a WTl peptide; or (in) an antigen-presenting cell that expresses a 
WTl peptide, wherein the first biological sample is obtained from a patient prior to a therapy 
or immunization, and wherein the incubation is performed under conditions and for a time 
suffice* to allow immunocomplexes to form; (b) detecting immunocomplexes formed 
between the WT] peptide and antibodies in the biological sample that specifically bind to the 
30 WTl peptide; (c) repeating steps (a) and (b) using a second biological sample obtained from 
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.** .*■* « i^-Mion; and |^ ^ namba rf 

n,ay co^rise, for exaorple, (a) Abating fte inn^omplexes ^ , ^ 
ttanscapabteof binding ft tte hnmnnccorapfexes, wherein the deftction reagen, comprises 
a reporter g^ (b, ^ving nnbonnd deftction reagem, and (a) detecting the pmsence or 
absence of the reporter group. 
, Within Hatter aspecft, mettods are prided fo, rnontoing the efledi.eneas of an 

,7°*" fe "**»»" .£ a P*tien,, comprising the step, of 

. W^aUngafirstbioiogicrdaamptewittoneorntoreof: <■) a WT. peptide; (ii) a WTI 
P^mndeotide encoding a WT1 peptide; or (nftan antigen-presenting <*„ tta, expresses a 
WT. peptide; wherein fte biological s^nple comprises W and/or Cl*> Tcells and is 
obftmed fiom a patient prior to a therapy or hnmnnization, and wherain the tabation is 
perfbmftd nnder conditio and for a time snfficient ft allow specific activation 
prohferation and/o, „sis of T cehs in the bioftgica, sanrpie; (b, detecting an amoon, of 
activafion, prohferation and/or lysis of the T cells; (c) repeating steps (a) and (b) nsing a 
second hological santple comprising CD4* and/or CDS' T cells, wherain tte seco«l bioloei- 
cal ssmpte b oirained fimn fte same pafien, ^ „ ^ 

^comparing fte anroon, of activation, prohferation and/or lysis Of T cells in fte firs, .„„ 
second biological samples. 

20 ^"^>« te »^ofttett^^^^^ 

amonn. of a. leas, a firs, WT, compmmd effective ft inhioh. and preferaNy to significant, 
. -inhibit, rnesottelioma in an anima, afflicted wift snch a dismder. The effective inhibitor 
amounts are ttns also artonntit effective to inhibh, and prafcsab., ,„ signify inhibit a 
btoiogKal activity of native WT1 poiypepfide. Mora prafemWy, tte effective inbibnmy 
atnonnts ara amonms of WT1 coraponnds effective ,o inhibh, and preferably .o significanUy 
rahtbtt, tte biological active of native WTI polypeptide in a boman having or snspeeted of 
bamng maligna* plenral mesottelioma. Any degrae of inhibition is sufficien, ft satisfy tte 
■nvention, a!ttoogh those of ordintny skill in tte art wi.l nnderatand the inhibition levefc tta, 
are snffiaen, ,„ i ndicale fKhmd lnyilm ^ fc 
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"Wed significant Mm „ M „ m Qf fc foKgoiDg ^ 

■^*-*»««-rf-i-i*«s^* - » IWll-<IBk-lllll ^ 

the WT1 therapeutic composition. Although not required to practice the invention, inhibition 
are by no means excluded. 
.0 effect' ^ 

**T ** ~ 8 * **** .»» 

risk fa devdoping nratignan, mesotheHoma, an araoun, of „ least a ^ W] ^ 
-Mr. antigen presenting eeB, T ce,., antigen binding fragment, or polynucleotide 
effective to inhibit malignant mesou^ioma vnthin cells of the anima, or patient, thereby 
15 preventing or treating malignant mesothelioma. 

The fotegoing >„phvlactical,v and flterapetnically effective amounts" are 
encompassed within fc leras ^ ^ ■ 

T * W1 -a- cell, T cell, antigen binding 

20 d 7^ l P0 ' , '" ,C,e0,ide ^ A » -* "endive amount are amounts of the 

benefit upon to an ammal or patient The benefi* ^ ^ 

^symptoms, severity and/c^diiratioa as well^< < ^^ m *w k 

auvn, as weJJ as lessening the chance of transmission and other 

vetennary and clinical benefits. 

umnless, so long as an effective amount of a, leas,, fira, VrT, peptide, antibody, antigen 
presenting ,,, T ceB> ^ ^ ^ ^ ^ 

provtded thereby. Exempt means for fterapeutie detivety of bbe dUCoaed compositions, 
-hadmg eg., ingestion, amsdmm , 

admrn-atiation, subcutaneous injection, intravenous injection, continuous inmsion, and the 
30 hke are discussed in mora detail herembelow. 
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. . AJJ such compositions and methods of the invention may be combined for use wi A 
one or more other anti-cancer agents, such as at least a second, third, fourth or fifth, anti- 
naesothehoma agent or at least a first, second, third or fourth anti-cancer therapeutic agent. A 
Plurality of distinct anti-cancer or anti-mesothelioma therapeutic agents may be administered 
5 to an animal or patient, up to and including the dose limiting toxicity of the combination 
The invention can thus be used to form synergistic combinations with other therapies and/or 
known agents, particularly those methods and agents that previously failed to achieve 
maximal effectiveness in vfvo, perhaps due to dose-limiting toxicity and/or resistance. 

In such combination therapies, the at least a first WT1 peptide, antibody, antigen 
10 presenting cell, T cell, antigen binding fragment, or polynucleotide, and at least a second 
antr-mesothelioma or anti-cancer therapeutic agent may be administered to the animal or 
patient substantially simultaneously, such as from a single pharmaceutical formulation or two 
distinct pharmaceutical formulations. Alternatively, the at least a first WT1 peptide 
antibody, antigen presenting ceil, T cell, antigen binding fragment, or polynucleotide, and at' 
15 least a second anti-mesothelioma or anti-cancer therapeutic agent may be administered to the 
animal orpatieht sequentially, such as on alternate days. 

In further embodiments, the invention provides a range of merapeuuc Mts. Certain 
kits comprise a therapeutically effective amount of at least a first WT1 peptide, antibody 
antigen presenting cell, T cell, antigen binding fragment, or polynucleotide composition and 
20 instructions for administering the composition to an animal or subject having or at risk for 
developing mesothelioma, and in particular, malignant pleural mesothelioma. Such kits may 
be combined with effective amounts of at least one diagnostic agent that detects a WT1 
polypeptide or antibody, or at least one diagnostic agent that detects a mesothelioma cell; or 
with a therapeutically effective amount of at least one other anti-cancer, anti-mesothelioma or 
25 anti-WTl polypeptide therapeutic agent. 

Certain other therapeutic kits and uses of the compositions disclosed herein, may 
comprise an effective amount of at least a first WT1 peptide, antibody, antigen presenting 
cell, T cell, antigen binding fragment, or polynucleotide and an effective amount of at least 
one diagnostic agent that detects detects a mesothelioma cell; or an effective amount of at 
30 ieast one, two, three, four or any number of other anti-cancer, anti-mesothelioma or anti-WTl 
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W*- agents or ^ may te ^ ^ . ^ ^ m J g £ 

of the pmaent dKclosure, as exemplified by ^ descrj ^ ^ * 
* fat 11* cabined the^eufie ^ h0WCTer may ^ ^ a 

c; r h *• - c ~- - - ™ — . -» as * 

cocta, or admixtae. n, ma, actively be maimained ^ fc 

compound, in a distinct container. 

'5 Tie invent fcus pnovides combinafion fc 

Paa™,* aecep.Me ^ a ^ ^ ^ J 

~«a win, a tnempeuficaJly, effective of „ ^ ^ 

mesothehoma or anti-cancer therapeutic agent Also nrov.^ 

^ agem - ^ s °l» 0 v»ded are compositions for use in the 

~ ^ " -«r -M« amount of at least a first wn cnmposifiol 
Moreover, tfc mvenfinn pmvides cnm^ons for nse m me mamfactae of a metficamen, ' 

° K,1, . Mal *- ta -» P^aceuficaUy accep.He .bm,, a fies, WT, 

-oppsttton and a pitnamy „ f disfijlc , ^ _ 

d*r,petme , g en„ Combined uses and medicament in wnicb a TO Compound is m 
component of a merapeufic approach am aiso encompassed wimin thepresen, tayMoon 

^-°»^asp=c B ofmep re! e„,i„venfio„™ llb eec™eappa rat „po„ re fe r ^ 
to me fo DoW n g de,^ ^ ^ ^ ^ ^ ^ ^ 
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3. Brief Description of the Drawings 

The invention may be understood by reference to the foUovying. description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

5 FIG. 1 depicts a comparison of the mouse (MO) (SEQ ID NO:320) and human (HU) 

(SEQ ID NO:3 19) WT1 peptide sequences; 

FIG. 2 depicts a histogram presenting the results of an EUSA assay to detect WT1- 
specific antibodies in malignant mesothelioma patients, WT1 80 and WTC19, as indicated, 
represent positive controls. D44 represents normal control serum, and the remaining samples 
10 . 

FIG. 3A, FIG. 3B and FIG. 3C depict graphs illustrating the stimulation of 
proliferative T cell responses in mice immunized with representative WT1 peptides. 
Thymidine incorporation assays were performed using one T cell line and two different 
clones, as indicated, and results were expressed as cpm. Controls indicated on the X-axis 
were no antigen (No Ag) and B6/media; antigens used were p6-22 human (pi), P 117-139 
( P 2) or P 244-262 human (p3). 

FIG. 4A and FIG. 4B show histograms illustrating the stimulation of proliferative T 
cell responses in mice immunized with representative WTI peptides. Three weeks alter the 
third immunization, spleen cells of mice mat had been inoculated with Vaccine A Or Vaccine 
B were cultured with medium alone (medium) or spleen cells and medium (B6/no antigen), 
B6 spleen cells pulsed with the peptides p6-22 (p6), pi 17-139 (pi 17), p244^262 <p244) 
(Vaccine A; FIG. 4A) or p287-301 (p287), p299-313 (p299), p421-435 (p421) (Vaccine B; 
FIG. .4B) and spleen cells pulsed with an irrelevant control peptide (irrelevant peptide) at 
25ug/ml and were assayed after 96 hr for proliferation by (^thymidine incorporation. 
Bars represent the stimulation index (SI), which is calculated as the mean of the experimental 
wells divided by the mean of the control (B6 spleen cells with no antigen); 

FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are histograms illustrating the generation 
of proliferative T-cell lines and clones specific for pi 17-139 and P 6-22. Following in vivo 
immunization, the initial three in vitro stimulations (TVS) were carried out using a „ ^ 
peptides of Vaccine A or B, respectively. Subsequent IVS were carried out as single peptide 
stimulations using only the two relevant peptides pi 17-139 and p6-22. Clones were derived 
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from both the p6-22 and P l 17-1 39 specific T cell lines, as indicated.- T cells were cultured 
with medium alone (medium) or spleen cells and medium (B6/no antigen), B6 spleen cells 
pulsed with the peptides p6-22 (p6), pl 17-139 (pHT) or an irrelevant control peptide 
(irrelevant peptide) at 25ug/ml and were assayed after 96hr for proliferation by (>H) 
- thymidine incorporation. Bars represent the stimulation index (SI), which is calculated as the 
mean of the experimental wells divided by the mean of the control (B6 spleen cells with no 
antigen); 

FIG. 6A and FIG. 6B are graphs illustrating the elicitation of WTl peptide-specific 
CTL in mice immunized with WTl peptides. FIG. 6A illustrates the lysis of target cells by 
allogeneic cell lines and FIG. 6B shows the lysis of peptide coated cell lines. I„ each case, 
the % lysis (as determined by standard chromium release assays) is shown at three indicated 
effectorrtarget mtios. Results are provided for lymphoma cells (LSTRA and E10), as well as 
E10 + P 235-243(E10 + P235). E10 cells are also referred to herein as EL-4 cells; 

FIG. 7A, FIG. 7B, FIG. 7C, and FIG. 71) are graphs illustrating the elicitation of 
WTl specific CTL, which kill WTl positive tumor cell lines but do not kill WTl negative 
cell tines, following vaccination of B6 mice with WTl peptide P117. FIG. 7A illustrates 
that T-cells of non-immunized B6 mice do not kill WTl positive tumor cell lines. FIG. 7B 
illustrates the lysis of the target cells by allogeneic cell lines. FIG- 7C and FIG. 7D 
demonstrate the lysis of WTl positive tumor cell tines, as compared to WTl negative cell 
hues in two different studies. In addition, FIG. 7C and FIG. 7D show the lysis of peptide- 
coated cell lines (WTl negative cell line E10 coated with the relevant WTl peptide Pl 17). 
In each case, the % lysis (as determined by standard chromium release assays) is shown at 
three indicated effectorrtarget ratios. Results are provided for lymphoma cells (El 0), prostate 
cancer cells (TRAMP-C), a transformed fibroblast cell line (BLK-SV40), as well as 
25 E10+pll7; 

FIG. 8A and FIG. 8B are histograms illustrating the ability of representative peptide 
Pl 17-139 specific CTL to lyse WTl positive tumor cells. Three weeks after the third 
nnmumzation, spleen cells of mice that had been inoculated with the peptides P 235-243 or 
P117-139 were stimulated /„ vitro with the relevant peptide and tested for ability to lyse 
targets incubated with WTl peptides as well as WTl positive and negative tumor cells. The 
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bars represent the mean % specific lysis in chromium release assays performed in triplicate 
wnh an E:T ratio of 25:1. FIG. 8A shows the cytotoxic activity of the p235.243 specific 
Tceli line against the WT1 negative cell line EL-4 (EL-4, WT1 negative); EL-4 pulsed with 
the relevant (used for immunization as well as for regulation) peptide P 235-243 
5 (EL-4+p235); EL-4 pulsed with the irrelevant peptides pi 17-139 (ELr4+pl 17), pl26-134 
(EL-4 +P 126) or pl30-138 (EL-4+pl30) and the WT1 positive tumor cells BLK-SV40 
(BLK-SV40, WT1 positive) and TRAMP-C (TRAMPS, WT1 positive), as indicated FIG 
8B shows cytotoxic activity of the pi 17-139 specific T cell line against EL-4; EL-4 pulsed 
wrth the relevant peptide P117-139 (EL-4-fp„ 7 ) and EL-4 pulsed with the irrelevant 
.10 peptdes pl23-131 (EL-4 +P 123), or p!28-136 (EL-4+pl28); BLK-SV40 and TRAMP-C, as 
indicated; 

PIG. 9A and FIG. 9B are histograms illustrating the specificity of lysis of WT1 
positive tumor cells, as demonstrated by cold target inhibition. The bars represent the mean 
% specific lysis in chromium release assays performed in triplicate with an E:T ratio of 2*1 
15 FIG. 9A shows the cytotoxic activity of the pll 7 -139 specific T cell line against the WT1 
negative cell line EL-4 (EL-4, WT1 negative); the WT, positive tumor cell line TRAMP-C 
(TRAMP-C, WT1 positive); TRAMP-C cells incubated with a ten-fold excess (compared to 
the hot target) of EL-4 cells pulsed with the relevant peptide pU7-139 fTRAMP-C + P I17 
cold target) without "Cr labeling and TRAMP-C cells incubated with EL-4 pulsed with an 
20 urelevant peptide without »Cr labeling (TRAMP-C + irrelevant cold target), as indicated: 
FIG. 9B shows the cytotoxic activity of the P 117-139 specific T cell line against the WT1 
negative cell line EL-4 (EL-4, WTl negative); the WT1 positive tumor cell line BLK-SV40 
(BLK-SV40, WT1 positive); BLK-SV40 cells incubated with the relevant cold target 
(BLK-SV40 + pi 17 cold target) and BLK-SV40 cells incubated with the irrelevant cold 
target (BLK-SV40 + irrelevant cold target), as indicated; 

MG. 10A, FIG. 10B, and FIG. 10C are Wstograms depicting an evaluation of the 
nonapeptide CTL epitope within pi 17-139. The pl,7-139 tumor specific CTL line was 
tested against peptides within aal 17-139 containing or lacking an appropriate H-2> class I 
brndmgmoufandfollowin g restimul a tionwithpl26-134 orpl30-138. The bars represent 
the mean % specific lysis in chromium release assays performed in triplicate with an E:T 



25 



WO0l/62!>20 PCT/US01/05702 

21 

ratio of 25:1: FIG. I0A shows the cytotoxic activity of the pi 17-139 specific T cell line 
against the WT1 negative cell tine EL-4 (EL-4, WT1 negative) and EL-4 cells pulsed with 
the peptides pi 17-139 (EL-4 + p!17), pllO-127 (EL-4 + pll9), P 120-128 (EL-4 + p!20), 
P123-131 (EL-4 + P 123), p!26-134 (EW + p!26), p!28-136 (EL-4 + p!28), and pl30-138 
5 (EL-4 + p!30). FIG. JOB shows the cytotoxic activity of the CTL line after regulation 
with pl26-134 against the WT1 negative cell line EL-4, EL-4 cells pulsed with pl!7-139 
(HM + pll7>, P126-134 (EL-4 + p!26) and the WT1 positive tumor cell line TRAMP-C; 
and FIG. IOC shows the cytotoxic activity of the CTL line after ^stimulation with pl30-138 
against EL-4, EL-4 cells pulsed with pl!7-139 (EL-4 + pi 17), pi 30-1 38 (EL-4 +p!30) and 
10 the WT1 positive tumor cell line TRAMP-C. 

4. Description of Illustrative Embodiments 

In order that the invention herein described may be more hilly understood, the 
following description of various illustrative embodiments is set forth. 
15 The present invention is generally directed to compositions and methods for the 

immunotherapy and diagnosis of WTl-associated diseases, such as malignant mesothelioma. 
In particular WT1 expression, and immune responses to WT1 (e.g., the presence of WIT 
specific antibodies in patient sera), may be used as markers to identify patients with malig- 
nant mesothelioma and other WT1 associated malignancies (such as leukemia (e.g., acute 
20 myeloid leukemia (AML), chronic myeloid leukemia (CML), acute lymphocytic leukemia 
(ALL) and childhood ALL), Myelodysplasia syndromes, myeloproliferative syndromes, 
prostate cancer, lung cancer, breast cancer, thyroid cancer, gastrointestinal cancer, kidney 
cancer, liver cancer, ovarian cancer, testicular cancer and melanoma). Such diagnostic 
methods (e.g., in high throughput assay format) may be used for early diagnosis of cancer, 
25 and permit screening of heahhy individuals who have or might have been exposed to 
asbestos. Patients found to be afflicted with such malignancies may benefit from the WT1- 
based vaccine or T-cell therapeutic methods provided herein. 

The compositions described herein generally comprise WT1 peptides, WT1 
polynucleotides, antigen-presenting cells (APC; e.g., dendritic cells) that express a WT1 
30 peptide, agents such as antibodies that specifically bind to a WT1 polypeptides and WT1- 
derived peptides; and/or immune system cells (e.g., T cells) specific for WT1 . WT1 peptides 
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of the present invention generally comprise at least a portion of a Wilms' tumor gene product 
(WTl) or a variant thereof. Nucleic acid sequences of the subject invention generally 
comprise a DNA, PNA, or RNA sequence that encodes all or a portion of such a peptide or 
that » complementary to such a sequence. Antibodies are generally immune system proteins 
or antigen-binding fragments thereof, that are capable of binding to a portion Of a WTl 
peptide. T cells that may be employed within such compositions are generally cells (eg, 
CD* and/or CDS*) that are specific for a WTl peptide. Certain methods described herem 
further employ one or more antigen-presenting cells that express at least a first WTl peptide 
or polypeptide as provided herein. 

4.1 WTl Peptides 

Within the context of the present invention, exemplary preferred WTl-derived 
ant,genic peptides include those peptides of from 9 to about 100 amino acids in length, that 
compnses at least a first epitope, antigenic fragment, antibody binding site, or an 
immunogenic sequence that is selected from the group consisting of SEQ ID NOl to SEQ 
ID NO:4, SEQ ID N0.13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID 
NO:313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID NO:318, and SEQ ID NO:321 to 
SEQIDNO:326. 

The WTl-derived peptides may be of any intermediate length provided that it 
comprises at least a first immunogemc portion or epitope, or antibody binding site, of a 
native WTl polypeptide or a variant thereof, and particularly those peptide sequences 
chsclosed inanyoneofSEQIDNO:! to SEQ ID NO:4, SEQ ID NO: 13 to SEQ ID NO20 
SEQ ID NO:28 to SEQ ID NOSH, SEQ ID NO:313, SEQ ID N0 314, SEQ ID NO:316 to 
SEQ ID NO.318, and SEQ ID NO:321 to SEQ ID NO:326. In other words, a WTl peptide 
may be an oligopeptide (i.e., those consisting of a relatively small number of amino acid 
-srdues, such as 9 to about 12 or 13 or so amino acid residues), larger oligopeptides (i.,, 
those consisting of a relatively larger number of amino acid residues, such as for example, 
about 14 to about 20 or so amino acid residues), still larger peptides (/.,, those consisting of 
a relatrvely larger number of ammo acid residues, such as for example, about 21 to about 40 
or so amino acid residues), and so forth, up to and including those peptides that consist of a 



WO 01/62920 PCT/USOJ/05702 

23 

significantly larger number of amino acid residues, such as for example, about 5 to about 90 
or 1 00 or so amino acid residues; as well as all peptides of intermediate sizes. 

Within certain embodiments, the use of WT1 peptides that contain a small number of 
consecutive amino acid residues of a native WT1 peptide is preferred. Such peptides are 
5 preferred for certain uses in which the generation of a T cell response is desired. For 
example; such a WT1 peptide preferably contain at least 9, or at least about 10, 11, 12, 13, 
14, or 1* or more consecutive ammo acid residues of the native WT1 polypeptide. 
Nonameric peptides (9-mers, or those comprising at least nine consecutive amino acid 
residues of a native WT1 polypeptide) are particularly contemplated to be useful in the 
10 methods disclosed herein. Additional sequences derived from the native Protein A and/or 
- heterologous sequences may be present within any WT1 peptide, and such sequences may 
(but need not) possess further immunogenic or antigenic properties. Peptides as provided 
herein may further be associated (eovalently or noncovalently) with other peptide or non- 
peptide compounds. 

15 An "immunogenic portion," as used herein is a portion of a peptide that is recognized 

<!U, specifically bound) by a B-cell and/or T-cell surface antigen receptor. Certain preferred 
immunogenic portions bind to an MHC class I or class U molecule. As used herein, an 
immunogenic portion is said to "bind to" an MHC class I or class D molecule if such binding 
is detectable using any assay known in the art. For example, the ability of a peptide to bind 
20 to MHC class I may be evaluated indirectly by monitoring the ability to promote 
incorporation of m l labeled 02-nncrogJobulin (02m) into MHC class l/p2m/peptide 
heterotriraeric complexes (Parker et al, ^1994). Alternatively, functional peptide competition 
assays that are known in the art may be employed. Certain immunogenic portions have one 
or more of me sequences recited within one or more of Tables 2-14. 
25 Exemplary immunogenic peptides of the present invention include, but are not 

limited to, those disclosed in the Examples illustrated in Table 2 through Table 49, and 
particularly, peptides that comprise at least a first amino acid sequence as defined in any one 
of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO.20, SEQ ID NO.28 to 
SEQ ID NO:31 1, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO-.316 to SEQ ID NO:318, 
30 and SEQ ID NO:321 to SEQ ID NO:326. 
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Illative WTl-derived peptide composition include, but are not limited to, those 
that comprise at least a first amino acid sequence selected from the group consisting of SEQ 
ID NO:l to SEQ ID NO:4, SEQ ID NO: 13 to SEQ ID NO:20, SEQ ID NO** to SEQ ID 
NO:311, SEQ ID NO:313, SEQ ID NO:314, and SEQ ID NO:316 to SEQ ID NO.-318 and 
5 particularly such sequences as disclosed in any one of the following- 
RDLNALLPAVPSLGGGG (human WT1 residues 6-22; SEQ ID NO,) 
PSQASSGQARMFPNAPYLPSCLE (human and mouse WT1 residues 117-139; SEQ ID 
ma and SEQ ID NO:3, respectively), GATLKGVAAGSSSSVKWTE (human Wtl 
residues 244-262; SEQ ID NO:4), GATLKGVAA (human WT1 residues 244-252; SEQ ID 
' N ° :88)> CMTWNQMNL (human and mouse WT1 residues 235-243; SEQ ID NO:49 and 
SEQ ID NO:258, respectively), SCLESQPTI (mouse Wl residues 136-144- SEQ ID 
NO.-296), SCLESQPAI (human WT1 residues 136-144; SEQ ID NO:198), NLYQMTSQL 
(human and mouse WT1 residues 225-233; SEQ ID NO:147 and SEQ ID ND284 
respectively); ALLPAVSSL (mouse WT1 residues 10-18; SEQ ID NO:255); * 
RMFPNAPYL (human and mouse WT1 residues 126-134; SEQ ID NO:185 and SEQ ID 
NO:293, respectively). 

Further immunogenic fragments and peptides are provided herein, and others may 
generally be identified using well-known techniques (Paul, 1993). Representative techniques 
for identifying immunogenic peptides, epitopes, and antibody binding motifs include, for 
example, screening peptides for the ability to react with antigen-specific antisera and/or T- 
cell lines or clones. An immunogenic portion of a native WT1 polypeptide is a portion that 
reacts with such antisera and/or T-cells at a level that is not substantially less than the 
reactivity of the full length WT1 (e.g., in an BLISA and/or T-ceil reactivity assay), mother 
words, an immunogenic portion may react within such assays at a level that is similar to or 
greater than the reactivity of the full-length polypeptide. Such screens may generally be 
performed using methods well known to those of ordinary skill in the art (Harlow and Lane 
1988). 

Alternatively, immunogenic portions may be identified using computer analysis, such 
as the Tsites program (Rothbard and Taylor, 1988; Deavin et al, 1996), which searches for 
peptide motifs that have the potential to elicit Th responses. CTL peptides with motifs 
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appropriate for binding to murine and human class I or class II MHC may be identified 
according to BIMAS (Parker et at, 1994) and other HLA peptide binding prediction 
analyses. To confirm immunogenicity, apeptidemay be tested using an HLA A2 transgenic 
mouse model and/or an in vitro stimulation assay using dendritic cells, fibroblasts or 
peripheral blood cells. 

As noted above, the peptides of the present invention may comprise one or more, 
variants of the amino acid sequences as disclosed herein. A peptide 'Variant," as used herein, 
is a peptide that differs from a particular primary amino acid sequence in one or more 
substitutions, deletions/additions and/or insertions, such that the immunogenicity of the 
peptide is substantially retained (/ *, the ability of the variant to react with antigefl^pecific 
antisem and/or T-celi lines or clones is not substantially diminished relative to the native 
peptide). In other words, the ability of a variant to react with antigen-specific antisera and/or 
T-cell lines or clones may be enhanced or unchanged, relative to the peptide from which the 
variant was derived. 

Preferably, the biological activity of a peptide variant will not be diminished by more 
than 1%, and preferably still will not be diminished by more than 2%, relative to the 
biological activity of the unmodified peptide. More preferably, the biological activity of a 
peptide variant will not be diimmshedby more than 3%, and more preferably still will not be 
diminished by more than 4%, 5%, 6%, 7%, 8%, or 9%, relative to the biological activity of 
20 the unmodified peptide. More preferably still, the biological activity of a peptide variant will 
not be diminished by more than 10%, and more preferably still, will not be diminished by 
more than 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20% relative to the 
biological activity of the correseponding unmodified peptide. 

Based upon % sequence homology, preferred peptide variant of the present invention 
include those peptides that are from 9 to about 100 amino acids in length, and that comprise 
at least a first sequence region that is at least 75% identical to at least one of the amino acid 
sequences dislosed in any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID 
NO:20, SEQ ID NO:28 to SEQ ID NO:311, SEQ ID NO:313, SEQ ID NO:314, SEQ ID 
NO:316 to SEQ ID NO.318, and SEQ ID NO:321 to SEQ ID NO:326, and more preferably 
30 those that comprise at least a first sequence region that is at least 80% identical to at least one 
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of tbe amko acid sequences dislosed in any one of SEQD>NO:l toSEQIDNO-4 SEQID 
NO:,3 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:3, 1, SEQ ID NO:3,3 ,'sEQ ID 
NO:3I4, SEQ ID NO:316 to SEQ ID N0318, and SEQ ID NG:321 to SEQ ID NO-326 
Morepreferably, based upon % sequence homology, preferred peptide variants of thepresent 
-nvention are those peptides that comprise at least a first sequence region that is at least 85% 
.denncal to at least one of the amino acid sequences dislosed in any one of SEQ ID NO , to 
SE Q roNO:4,SEQ^^ 

ID NO:313, SEQ ID NO:3,4, SEQ ID NO:3,6 to SEQ IDNO:3,8, and SEQ ID NOS21 to 
SEQ ID NO:326, and more preferably those that comprise at least a first sequence region that 
is at least 90% identical to at least one of me amino acid sequences dislosed in any one of 
SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO-.28 to SEQ 

IDNO^ll.SEQIDNOa^SEQIDNO^H/SEQIDNO^^toSEQIDNO^lS and 
SEQIDN0321 toSEQIDNO:326. Particularly preferred peptide variants of thepresent 
mventon are those peptides that comprise at least a first sequence region that is at least 91 % 
92%, 93%, 94% or 95%identical to at least one of the amino acid sequences dislosed in any 
one of SEQ ID NO:, to SEQ ID NO:4, SEQ ID NO:l 3 to SEQ ID NO.-20, SEQ ID ND28 to 
SEQ ID NO:3U, SEQ ID NO:313, SEQ IDNO:3,4, SEQ IDNO:316 to SEQ ID NO-3,8 
and SEQ ID NO:321 to SEQ ID NO:326, with those peptides that comprise at least a first 
sequence region that is at least 96%, 97%, 98%, or 99% identical to at least one of the amino 
acd sequences dislosed in any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO 13 to 
SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:311, SEQ ID NO:313, SEQ ID N0314 
SEQIDNOJ16toSEQIDNO:318,andSEQIDNOJ21 to SEQ ID NO:326. 

Such peptide variants mav tvoicallv be Drenared- hv mod^W ™. n r ^ ^ 
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© NOSH, SEQ ID N0313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID NO:318, and 
SEQIDN0321 to SEQ ID NO:326 by one or more conservative amino acid substitutions. 

It has been found, within the context of the present invention, that a relatively small 
number of conservative or neutral substitutions {e.g., 1 or 2) may be made within the 
sequence of the nonameric peptide epitopes disclosed herein, without substantially altering 
the biological activity of the peptide. In some cases, the substitution of one or more amine, 
acids in a particular peptide may in fact serve to enhance or otherwise improve the ability of 
the peptide to elicit ah immune or T-cell response in an animal that has been provided with a 
composition that comprises the modified peptide, or a polynucleotide that encodes the 
peptide. Suitable substitutions may gerierally be identified by usmg compter pm 
described hereinbelow; and the effect of such substitutions may be confiimed based on the 
reactivity of the modified peptide with antisera and/or T-cells as described herein. 
Accordingly, within certain preferred embodiments, a WT1 peptide for use in the disclosed 
diagnostic and therapeutic methods may comprise a primary amino acid sequence in which 
one or more amino acid residues are substituted by one or more replacement amino acids, 
such that the ability of the modified peptide to react with antigen-specific antisera and/or T- 
cell lines or clones is not significantly less than that for the unmodified peptide. Exemplary 
such substitutions may preferably be located within one or more MHC binding sites on the 
peptide. 

As described above, preferred peptide variants are those that contain one or more 
conservative substitutions. A "conservative substitution" is one in which an amino acid is 
substituted for another amino acid that has similar properties, such mat one skilled in the art 
of peptide chemistry would expect the secondary structure and hydropathic nature of the 
peptide to be substantially unchanged. Amino acid substitutions may generally be made on 
the basis of similarity in polarity, charge, solubility, hydrophobic^, hydrophilicity and/or 
the amphipathic nature of the residues. For example, negatively charged amino acids include 
aspartic acid and glutamic add; positively charged amino acids include lysine and arginine; 
and amino acids with uncharged polar head groups having similar hydrophilicity values 
include leucine, isoleucine and valine; glycine and alanine; asparagine and gtotamine; and 
serine, threonine, phenylalanine and tyrosine. Examples of amino acid substitutions that 
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Asp, Gin, Asn, Ser, or Thr; residues with one or more residues from the same group- (2) 
replacement of one or more Cys, Ser, Tyr, or Thr residues with one or more residues fiom the 
same group; (3) replacement of one or more Val, He, Leu, Met, Ala, or Phe residues with one 
5 . or more residues from the same group; (4) replacement of one or more Lys, Arg, or His 
residues with one or more residues from the same group; and (5) replacement of one or more 
Phe, Tyr, Trp, or His residues with one or more residues from the same group. 

A variant may also; or alternatively, contain nonconservative changes, for example 
by substituting one of the amino acid residues fiom group (1) with an amino acid residue 
10 fiom group (2), group (3), group (4), or group (5). Variants may also (or alternatively) be 
modrfied by, for example, the deletion ox addition of amino acids that have nnnimal 
•nfluence on the irnmunogemcity, second^ structure and hydropathic nature of the peptide. 

4.2 Bioi^ical Functional Equivalents 
15 Modification and changes may be made in the structure of the polynucleotides and 

peptides of the present invention and still obtain a functional molecule that encodes a peptide 
w,th desirable characteristics, or still obtain a genetic construct with the desirable expression 
specrficrty and/or properties. As it is often desirable to introduce one or more mutations into a 
specricpplynucleotide^ 

or pept.de sequence known to those of skill in the art may be employed for the preparation of 
heterologous sequences that may be introduced into the selected cell Or animal species, in 
certam circumstances, the resulting encoded peptide sequence is altered by this mutation, or in 
omer.cases^esequenc^ofmepeptideisuncharrgeJbyoneormoremutan^ 
polynucleotide. I„ other circumstances, one or more changes are introduced into the promoter 
and/or ermancer regions of the polynucleotide constructs to alter the activity, or specificity of 
the expression elements and thus alter the expression of the heterologous therapeutic nucleic 
ac,d segment operably positioned under the control of the elements. 

When it is desirableto alter the amino acid sequenceof one or more of the heterologous 
pepudes encoded by the expression construct to create an equivalent, or even an improved, 
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second-generation molecules, the amino acid changes may be achieved by changing one or 
more of the codons of the encoding DNA sequence, according to Table 1 . 

For example, certain amino acids may be substituted for other amino acids in a protein 
structure without appreciable loss of interactive binding capacity with structures such as, for 
example, antigen^binding regions of aimT)odiesorbinding sites on substrate molecules. Since it 
is the interactivecapacity and nature of a protein that defines that protein's biological function 
activity, certain amino acid sequence substitutions can be made in a protein sequence, and, of 
course, its underlying DNA coding sequence, and nevertheless obtain a protein with like 
properties. It is thus contemplated by the inventors that various changes may be made in the 
peptide sequences of the disclosed compositions, or corresponding DNA sequences which 
encode said peptides without appreciable loss of their biologicalutility or activity. 
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Amino Acids 



Alanine 
Cysteine 
Aspartic acid 
Glutamic acid 
Phenylalanine 
Glycine 
Histidine 
Isoleucirie 
Lysine 
Leucine 
Methionine 
Asparagine 
Proline 
Glutamine 
Argihine 
Serine 
Threonine 
Valine 
Tryptophan 
Tyrosine 



Ala 

Cys 
Asp 
Ghi 
Phe 
Gty 
His 
He 
Lys 
Leu 
Met 
Asn 
Pro 
Gin 
Arg 
Ser 
Thr 
Val 
Trp 
Tyr 



A 
C 
D 
E 
F 
G 
H 
I 

K 
L 

M 

N 
P 

Q 

R 
S . 
T 
V 
W 
Y 



Table l 

GCA 
UGC 
GAC 
GAA 
UUC 
GGA 
CAC 
AUA 
AAA 
UUA 
AUG 
AAC 
CCA 
CAA 
AGA 
AGC 
ACA 
GUA 
UGG 
UAC 



GCC 

UGU 

GAU 

GAG 

UUU 

GGC 

CAU 

AUC 

AAG 

UUG 



Codoias 

GCG GCU 



GGG GGU 



AUU 



CUA CUC CUG CUU 



AAU 
CCC 
CAG 
AGG 
AGU 
ACC 
GUC 

UAU 



CCG CCU 

CGA CGC CGG CGU 
UCA UCC UCG UCU 
ACG ACU 
GUG GUU 



In making such changes, the hydropathic index of amino acids may he considered The 
^portance of the hydropathic amino acid index in conferrmg interactive hiologic function on a 
protem is generally unders tood in the art (Kyte and Doohttle, 1982, incorporate herein by 
Terence). It is -cepted ttet me relative l^dxopathic character of m^ 

the secondary structure of the resultant protein, which in turn defines the interaction of the 
protem W th other molecules, for example, enzymes, substrates, receptors, UNA, antibodies, 
antigens, and .he like. Each amino acid has been assigned a hydropathic index on the basis of 
then hydrophobics and charge characteristics(Kyte and Doolittle, 1982), these are: isoleucine 
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my, ^ H6) . Msmx ( _ 32) . ftamm ^ 

a *»"Eil«(-3.5) : iy s i 1K (. M) ; aild!lrgilljneW) • * 

hav m8 as tatahyd ^ a ^ Mraorscore ^^^ taa ^^ sjn]ijar 

effeovely on fl* „ f M^icHy. „. s ^ ^ ^ . 

nefence, fc, fc ^ ta, avmge hy<taphiIicity of a ^ _ govmied 

W. a^ino acid residues: arginine (+3 . 0); ^ ^ ^ ^ ± Jfc 

CW* 1); serine (+0.3); aspa,^. (+0 . 2); ^ ^ & 

i-i- WS±1* aW (-0.5); ^ W 5); ^ ,, ox maUonto — va]in ; 
leneMe (-,.*>; tal-*.H**-h. (4* 

***** vah,. and s,iU oMab a bioiogicaUy Md „ 

hyd^nlieiiy vaines are ^ M „ ^ fc _ ^ ±] _ 

PreWl.aKllhoaewiditalO.SareevenmoreparticularlyprefeTOd. 

^^''^ve.aminoaeidsnbsmudona^ge^^a^f^^^^^ 
W of *. a™* aeid side-c,™ subs,,^, fc — ^ 
***Mr. charge> sjze> _ ^ Exanp|aiy ^ ^ ^ ^ 

-elude: arginine and lysine; glutomate and aspartate; serine and ,hreonine; ghnanrine and 
reparagine;and valine, leucine and isoleucine. 
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The peptides and peptide variants of the present invention may be conjugated to a 
s,gnal (or leader) sequence at the N-tenninaJ end of the peptide, . which co-hanslationally or 
post-tran^^^ Xhe peptides may also, or alternatively be 

conjugated to one or more linker sequences for ease of synthesis, purification' or 
' .dentation of the peptide (e.*, poly-His), or to enhance binding of the peptide to a solid 
support ^exa^pHthepeptidesmaybeconjugatedto 

The peptides and peptide variants of the present invention may be isolated and 
punfied from native sources, such as for example, by isolating all or part of the primary 
ammo acid sequence from a native WT1 peptide, or alternatively, may be chemically 
synthes^d in whole or in part using any of a variety of well-known peptide synthesis 
techmques. For example, peptides having less than about J00 amino acids, preferably less 
than about 90 or 80 amino acids, and more preferably less than about 70, less than about 60 
or less than about 50, about 40, about 30, or about 20 amino acids, may be synthesized using' 
any of the commercially available solid-phase techniques, such as the Merrifield solid-phase 
synthesis method, where amino adds are sequentially added to a growing amino acid chain 
(Memfleld, J963). Equipment for automated synthesis of peptides is commercially available 
from supphers such as AppHed BioSystems, Inc. (Foster City, CA), and may be operated 
according to the manufacturer's instructions. 

The peptides and peptide variants as described herein may also be readily prepared 
from recombinant WT1 peptides, or may be prepared by translation of a polynucleotide 
sequence that encodes such a peptide. In general, any of a variety of expression vectors 
known to those of ordinary skill in the art may be employed to express recombinant peptides. 
Expressmn may be achieved in any appropriate host ce» that has been transformed or 
transfected with an expression vector containing a nucleic acid molecule that encodes the 
pept.de. Suitable host cells include prokaryotes, yeast and higher eukaryotic cells. 
Preferably, the host cells employed are E. coli, yeast or a mammalian cell line such as COS 



orCHO. 



In general, peptides and polynucleotides as described herein are isolated An 
isolated" peptide or polynucleotide is one that is removed from hs original environment. 
For example, a naturally occurring peptide or polypeptide is isolated if it is separated from 
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.east aboo, 80V. or 85% pure, more prcferably „ |afl ^ ^ ^ ^ 
^^^^^^ Al<MBSk ^ 

-» — «* — *> - » -« amino « rJZ ,U 

w^, ^ ^ ^ add ^ . s a 

„ , milar to . ^ acjd ^ ^ J( _ ^ ^ 
a wn pepode a,,™, a ^ fc ^ ^ 

no. contam amino acids, and fc, „ „ ovmJ1 ^ h stajiar a 

Pepbdesuch tha, * of ^ 

^•-~k-.---^***a 1 * -wl . to-iIfrrf . TO ■ Soch 

numetres may be dasigned^ 00 ^ ^ noctetr 

and comptnahonat tetaioues) ^ ^ fc ^ ^ ^ ^ ^ 

^nenee. Mimeucs may „ ^ „ hae one „ more rf fc ^ chab ^ 
TO pepade are reptaceu by ^ ^ fc ^ haye fc 

biological responses. It should be tindeiatood that, within' embodiments described herein, a 
mtmelic may be subtiututed for a Wtl peptide. 

^^a^Uvecmc« f m,e m s,. p o,^ mybe> ^ ^ 

- "bribed herein, „, that comprises a, teas, one 
P^papttde as described herein and an tmreiated seouatce, .c* as a town tnmo, protein. 
A fnstor, partner may, for exampte, assist in ^viding T hetper epitopes (an inmtonotogical 
ftston partner), mfaMy T heiper epitopes recognizee, by hnmans, or may assist tn 
expressing me pmtein (an expression enh^cer) a, higher yieids than the native recombinant 
Proton. Certain paefened ^ „ ^ ^ ^ 

ftstonpatw. Omer fW „„parn Kremvbesekctedsoas|ojjicreaseaie 
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Still foiher fusion partners include affinity tags, which facilitate purification of the 
polypeptide. 

Fusion polypeptides may generally be prepared using standard techniques, including 
chem.cal conjugation. Preferably, a fusion polypeptide is expressed as a recombinant 
> Polypeptrde, allowing the production of increased levels, relative to a non-fused polypeptide, 
» a* expression system. Briefly, DNA sequences encodmg 

be assembled separately, and ligated into an appropriate expfesdon vector. The 3'-end of the 
DNA sequence encoding one polypeptide component is ligated, with or without a peptide 
anker, to the 5'-end of a DNA sequence encoding the second pofypeptide component so that 
thereadmgframesofthesequencesareinphase. This permits translation into a single fusion, 
polypeptide that retains the biological activity of both component polypeptides. 

A peptide linker sequence may be employed to separate the first and second 
polypeptide components by a distance sufficient to ensure that each polypeptide folds into its 
secondary and tertiary structure, Such a peptide linker sequence is incorporated into the 
fusion polypeptide using standard techniques well known in the art. Suitable peptide linker 
sequences may be chosen based on the following factors: (!) their ability to adopt a flexible 
extended conformation; (2) their inability to adopt a secondary structure that could interact 
wrth functional epitopes on the first and second polypeptides; and (3) the lack of hydrophobic 
or charged residues that might react with the polypeptide functional epitopes. Preferred 
pept.de hnker sequences contain Gly, Asn and Ser residues. Other near neutral amino acids, 
such as Thr and Ala may also be used in the linker sequence. Ammo acid sequences which 
may be usefully employed as linkers include those disclosed in Maratea etal t 1985- Murphy 
« oU 1 1986; U. S. Patent No. 4,935,233 and U. S. Patent No. 4,751,1 80. The linker sequence 
-ay generally be from 1 to about 10, about 20, about 30, about 40, or about 50 Or so amino 
acids ,n length. Linker sequences are not required when the first and second polypeptides 
have non-essential N-terminal amino acid regions that can be used to separate the functional 
domains and prevent steric interference: 

The ligated DNA sequences are operably linked to suitable transcriptional or 
tnmslatronal regulatory element, The regulatory elements responsible for expression of 
DNA are located only 5' to the DNA sequence encoding the first polypeptide, Similarly, 
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3' to the DNA sequence encoding the second polypeptide. 

The fusion polypeptide can comprise a polypeptide as described herein together with 
an unrelated immunogenic protein, such as an immunogenic protein capable of eliciting a 
5 recall response. Examples of such proteins include tetanus, tuberculosis and hepatitis 
proteins {see, for example, Stoute et ah, 1 997). 

In one preferred embodiment, the immunological fusion partner is derived front a 
Mycobacterium sp., such as a Mycobacterium /^Wderived Ra 12 fragment Ral2 
compositions and methods for their use in enhancing the expression and/or immunogemcity 
10 of heterologous polynucleotide^olypeptide sequences is described in US Patent 
Application 60/,58,585, the disclosure of which is incorporated herein by reference in its 
entirety. Briefly, Ra,2 refers to a polynucleotide region that is a subsequence of a 
Mycobacterium NfrB32A nucleic acid. MTB32A is a serine protease of 37 kDa 

nucleotide sequence and amino acid sequence of MTB32A have been described (see for 
example, U. S. Patent Application 60*58,585; and Skeiky et al, 1999, each incorporated 
herem by reference). C-tennmal fragments of the MTB32A coding sequence express at high 
levels and remain as soluble polypeptides throughout the purification process. Moreover 

* RaI2 may enhance the - immunogemcity of heterologous immunogenic polypeptides with 

wh,ch ,t is fused. One preferred Ral2 fusion polypeptide comprises a 14-kDa C-terminal 
fragment corresponding to amino acid residues 192 to 323 of MTB32A. Other preferred 
Ral2 polynucleotides generally comprise at least about , 5 consecutive nucleotides, at least 
about-30 nucleotides, at least about 60 nucleotides, at least about 100 nucleotides, at least 
about 200 nucleotides, or at least about 300 nucleotides that encode a portion of a Ral2 
Polypeptide. Ra,2 polynucleotides may comprise a native sequence (,,, an endogenous 
sequence that encodes a RaI2 polypeptide or a portion thereof) or may comprise a variant of 
such a sequence. Ral2 polynucleotide variants may contain one or more substitutions, 
addmons, deletions and/or insertions such that the biological activity of the encoded fusion 
polypeptide is not substantially diminished, relative to a fusion polypeptide comprising a 
natrve Ral2 polypeptide. Variants preferably exhibit at least about 70% identity, more 
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preferably at least about 80% identity and most; preferably at least about 90% identity to a 
polynucleotide sequence that encodes a native Ral 2 polypeptide or a portion thereof. 

Within other preferred embodiments, an immunological fusion partner is derived 
from Protein D, a surface protein of the gram-negative bacterium Haemophilus influenza B 
On* Pat. Appl. Publ. No. WO 91/18926). Preferably, a ProteinD derivative comprises 
approximately the first third of the protein (e g., the first N-terminal 100-1 10 amino acids), 
and a Protein D derivative may be lipidated. Within certain preferred embodiments, the first 
109 residues of a Lipoprotein D fusion partner is included on the N-terminus to provide the 
polypeptide with additional exogenous T-cell epitopes and to increase the expression level in 
* CPU (Urns functioning as an expression enhancer). The lipid tail ensures optimal 
presentation of the antigen to antigen-presenting cells. Other fusion partners include the non- 
structural protein from influenzae virus, NSl (hemaglutinin). Typically, the N-terminal 81 
amino acids are used, although different fragments that include T-helper epitopes may be 



In another embodiment, the immunological fusion partner is the protein known as 
LYTA, or a portion thereof (preferably a C-terminal portion). LYTA is derived from 
Streptococcus pneumoniae, which synthesizes an N-acetyl-L-alanine amidase known as 
amidase LYTA (encoded by the LytAjgene). LYTA is an autolysin that specifically degrades 
certain bonds in the peptidoglycan backbone. The C-terminal domain of the LYTA protein is 
20 responsible for the affinity to the choline or to some choline analogues such as DEAE. This 
property has been exploited for the development of K cott C-LYTA expressing plasmids 
useful for expression of fusion proteins. Purification of hybrid proteins containing the C- 
LYTA fragment at the amino terminus has been described. Within a preferred embodiment, 
a repeat portion of LYTA may be incorporated into a fusion polypeptide. A repeat portion is 
25 found in the C-terminal region starting at residue 178. A particularly preferred repeat portion 
incorporates residues 188-305. 

Yet another illustrative embodiment involves fusion polypeptides, and the 
polynucleotides encoding them, wherein the fusion partner comprises a targeting signal 
capable of directing a polypeptide to the endosomal/lysosomal compartment, as described in 
30 U S. Patent No. 5,633,234. An immunogenic polypeptide of the invention, when fused with 
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this targeting signal, will associate more efficiently with MHC class II molecules and thereby 
provide enhanced in vivo stimulation of CD4* T-cells specific for the polypeptide. 

43 Polynucleotide Compositions - 

Any polynucleotide that encodes a WT1 peptide as described herein, or that is 
complememary to such a polynucleotide, is a WT1 polynucleotide encompassed by the 
present invention. Such polynucleotides may be single-stranded (coding or antisense) or 
double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules. Addi- 
tional coding or non-coding sequences may, but need not, be present within a polynucleotide 
of the present invention, and a polynucleotide may, but need not, be linked to other 
molecules and/or support materials. 

WT1 polynucleotides may encode a native WT1 protein, or may encode a variant of 
WT1 as described herein. Polynucleotide variants may contain one or more substitutions 
addmons, deletions and/or insertions such that the immunogenicity of the encoded peptide is 
15 not diminished, relative to a native WT1 protein. The effect on the immunogenicity of the 
encoded peptide may generally be assessed as described herein. Preferred peptide variants 
contain amino acid substitutions, deletions, insertions and/or additions at no more than about 
20%, more preferably at no more than about 15%, and more preferably still, at no more than 
- ahouU0% or 5% or less.of.the amino acid positions relative. tathe. corresponding native 
20 unmodified WT1 sequence. 

Likewise, polynucleotides encoding such peptide variants should preferably contain 
nucleotide Substitutions, deletions, insertions and/or additions at no more than about 20%,- 
more preferably at no more than about 15%, and more preferably still, at no more than about 
10% or 5% or less of the nucleotide positions relative to the corresponding polynucleotide 

25 sequence that encodes the native unmodified WTl peptide sequence Certain polynucleotide 
vanants, of course, may be substantially homologous to, or substantially identical to the 
corresponding region of the nucleotide sequence encoding an unmodified peptide. Such 
polynucleotide variants are capable of hybridizing to a naturally occurring DNA sequence 
encoding a WT1 peptide (or a complementary sequence) under moderately stringent, to 

30 highly stringent, to very highly stringent conditions. 
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Suitable moderately stringent ^n^^i^Uide^v^ginasommco^^ 
about 5X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at a temperature of fro* 
about 50>C to about 60"C in 5X SSC overnight; followed by washing twice at about 60 to 
65°C for 20 min. with each of 2X, 0.5X and 0.2X SSC contaimng 0.1% SDS). Suitable 
• highly stringent conditions include prewashing in a solution containing about 5X SSC 05% 
SDS, 1.0 mM EDTA (pH 8,0); hybridizing at a temperature of from about 60*C Jabout 
70°C in 5X SSC overnight; followed by washing twice at about 65 to 70°Cfor 20 min with 
each of 2X, 0.5X and 0.2X SSC containing 0.1% SDS). Representative examples of very 
h Jg hly stringent hybridization conditions may include, for example, prewashing in a solution 
containing about 5X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at a temperature 
of from about 70°C to about 75°C in 5X SSC overnight; followed by washing twice at about 
70*C to about 75*C for 20 min, with each of 2X, 0.5X and 0.2X SSC containing 0.1 % SDS); 
Such hybridizing DNA sequences are also within the scope of this invention. 

It will be appreciated by those of ordinary skill in the art that, as a result of the 
degeneracy of the genetic code, there are many nucleotide sequences that encode a WT1 
peptide. Some of ^ polynucleotides bear minimal horn 

of any native gene. Nonetheless, polynucleotides that vary due to differences in codon usage 
are specifically contemplated by me present invention. 

Once an immunogenic portion of WT1 is identified, as described above, a WT1 
polynucleotide may be prepared using any of a variety of techniques. For example, a WT1 
polynucleotide may be amplified from cDNA prepared from cells that express WT1. Such 
polynucleotidesmaybeamplifiedviapolyme^ For this approach, 

sequence-spedfic primers may be designed based on the sequence of the immunogenic 
portion and may be purchased or synthesized. 

For. example, suitable primers for PCR™ amplification of a human WT1 gene 
include: first step - PI 18: 1434-1414: 5'-GAGAGTCAGACTTGAAAGCAGT-3' (SEQ ID 
NO*) and P135: 5'-CTGAGCCTCAGCAAATGGGC-3' (SEQ ID NO:6); second step - 
P136: 5'-GAGCATGCATGGGCTCCGACGTGCGGG-3* (SEQ ID NO:7) and P137: 
5-GGGGTACCCACTGAACGGTCCCCGA-3' (SEQ ID NO:8). Primers for PCR™ ampli- 
fication of a mouse WT1 gene include: first step - P138: 5'-TCCGAGCCGCACCTCATG-3' 
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■ ■ «• ^-OAOCATOCOATGOOrrccOACOTCCGO-3- (SEQ *> NO:,,) and m * 
50(KKrrACCrCAAAGCGa^CGTOOAGrrr-3'(SEQn)NO:,2>. 

5 gen™* DNA Kbra* * ^ . smlaHe £DNA 1;taty> ^ 

Ahonanvel,, a fall-length gene can.be constructed from multiple PCR™ fiagments WT1 
polynucleotides may a!so be p™^ b, ^eafeing ohgonttcMide compc^ and 
hgatmg components together to generate the complete polynucleotide. 

-» -a. be Resized by any method bm™ in th. art, 
-**» *-M. Wta * <e. e , sond phase pbosphoramidfte ehemicab synftc*, 
Medium* in a poryn.^ ^ ^ ^ fc ^ ' : 

^^^^^asol^nde^^^^^^^ 
« < 1983). Alternative!,, RNA molecules ma, be generated by /„ ,»„ „ r ;„ v(ro 
transcnpnon of DNA sequences ending a WT, peptide, provided tol DNA fe 
incorporated into , vector with a ^ ^ ^ ^ „ „ ^ 

Cer^pcnri^^.^^..^^^^^^^^^ 

or alternatively, a portion m a, be admimstered to a patien, such *a. the encoded peptide J 
Seated in vn. (eg., by transacting antigen-presenting cells s^h as dendnrie cells wis, . 

patient). 

•he in o, in J* WT1 polynucleotides tha, are comptemcntory to a ending 

*q«ence (re, antisense polynucleotides) may also be us* as a probe or to inhibit W, 
expression. cDNA cnnsfrn* tha, can be trashed into antisense RNA ma, also be 
introduced into cells of tissues to facilitate the production of antisense RNA 

An,po,y„^ leoade ^ te ^ im ^ toj ^^ (n ^ 

motions indude, bu, am no. limited ,„, the addition of (hmbng fences a, the , 
and/or 3 --ends; fce me of or 2'-«-,ne,h„ rathe, than phosphodiesterase 

Wages ,n me backbone; and/or the inclusion of nontraditiona. bases such as inoaine, 
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queosine and wybutosine, as well as acetyl- methyl-, thio- and other modified forms of 
adenine, cytidine, guanine, thymine and uridine. 

Nucleotide sequences as described herein may be joined to a variety of other nucleo- 
tide sequences using established recombinant DNA techniques. For example, a polynucleo- 
tide may be cloned into any of a variety of cloning vectors, including plasmids, phagemids, 
lambda phage derivatives and cosmids. Vectors of particular interest include expression 
vectors, replication vectors, probe generation vectors, and sequencing vectois. In general, a 
vector will contain an origin of replication functional in at least one organism, convenient 
restriction endonuclease sites and one or more selectable markers. Other elements will 
depend upon the desired use; and will be apparent to those of Ordinary skill in the art. 

WluSm certain embodiments, polynucleotides may be fonnul ated so as to permit entry 
into a cell of a mammal, and expression therein. Such formulations are particularly useful 
for therapeutic purposes, as described below. Those of ordinary skill in the art will 
appreciate that there are many ways to achieve expression of a polynucleotide in a target cell, 
and any suitable method may be employed. For example, a polynucleotide may be 
incorporated into a viral vector such as, but not limited to, adenovirus, adenosassbciated 
virus, retrovirus, or vaccinia or other poxvirus {e.g., avian poxvirus). Techniques for 
incorporating DNA into such vectors are well known to those of ordinary skill in the art. A 
retroviral vector may additionally transfer or incorporate a gene for a selectable marker (to 
aid hi the identification or selection of transduced cells) and/or a targeting moiety, such as a 
gene that encodes a ligand for a receptor on a specific target cell, to render the vector target 
specific. Targeting may also be accomplished using an antibody, by methods known to those 
of ordinary skill in the art cDNA constructs within such a vector may be used, for example,/ 
to transfect human or animal cell lines for use in estabtishing WT1 positive tumor models 
which may be used to perform tumor protection and adoptive immunotherapy experiments to 
demonstrate tumor or leukemia-growth inhibition or lysis of such cells. 

Other therapeutic formulations for polynucleotides include colloidal dispersion 
systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and lipid, 
based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes. A 
preferred colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome (/.*;, 
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an artificial membrane vesicle). The preparation and use of such systems is well known in 
the art 

4.4 Methods of Nucleic Acid Delivery and DNA Transfection 
5 In Certa " 1 embodiments, it is contemplated that one or more RNA or DNA and/or 

substituted polynucleotide compositions disclosed , herein will be used to transfect an 
appropriatehostcell. Technology for mtr^^ 

them into suitable host cells is well known to those of skill in the art In particular, such 
polynucleotides may be used to generally transform one or more host cells, when therapeutic 
10 administrationofone or more active peptides, SWpom&ornc^isKh&edibwufrite 
expression of one or more polynucleotide constructs that encode one or more therapeutic 
compounds of interest 

A variety of means for introducing polynucleotides and/or polypeptides into suitable 
target cells is known to those of skill in the art. For example, when polynucleotides are 
contemplated for delivery to cells, several non-viral methods for the transfer, of expression 
constructs into cultured mammalian cells are available to the skilled artisan for his use. These 
mclude, for example, calcium phosphate precipitation (Graham and Van Der Eb, 1973' Chen 
and Okayama, 1987; Rippe era/., 1990); DEAE-dextran precipitation (Gopal, 1985); 
electro pora tion(WongandNeumann,J982;Fromme / a/., 1985;Tux,Kaspae/a/., 1986;Potter 
etaK 1984;Suzukietal., 1998; Vanbevere,*/., 1 998), direct microinjection (Capecchi, 1980; 
Harland and Weintraub, 1 985), DNA-loaded liposomes (Nicolau and Sene, 1982; Fraley et oL 
1979; Takakura, 1998) and Hpofectamme-DNA complexes, cell sorn^ 
1987), gene bombardment usinghigh velocity microprojectiles(Yange/< 1990; Klein e/o/., 
1992), and receptor-mediated transfection (Curiel etal, 1991; Wagner etal> 1992; Wu and 
Wu, 1987; Wu and Wu, 1988). Some of these techniques may be successfully adapted for fn 
vivo or ex vivo use. 

A bacterial cell, a yeast cell, or an animal cell transformed with one or more of the 
disclosed expression vectors represent an important aspect of the present invention. Such 
transformed host cells are often desirable for use in the expression of the various DNA gene 
constructsdisclosed herein. Insome aspects of the invention, it is often desirable to modulate, 
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regulate, or otherwise control the expression of the gene segments disclosed herein. Such 
n^odsareroutineto^ 

over-expression of a particular gene is desired, various manipulations may be employed for 

enhancing the expression of the messenger RN A particularly by using an active promoter, and 

5 .n particular, a tissue-specific promoter such as those disclosed herein, as well as by employing 

sequences, which enhance the stability of the me^enger RNA m the particular transformed host 
cell. . 

Typically, the initiation and tramlational ternm^tfon region will mvolve 
a terminator region, and optionally, a polyadenytetion signal. In the direction of transcription 
10 namely in the 5' to 3' direction of the coding or sense sequence, the construct will involve the 
^ OT ' Pti0mIregU,at0ryre 8 i0n ' *Wi »d the promoter, where the regulatory region may be 
either 5' or 3' of the promoter, the ribosomal binding site, the initiation codon, the structural 
gene having an open reading frame in phase with the initiation codon, the stop codon(s) the 
polyadenylationsignal sequence, if any, and the terminator region. This sequence as a double 
strand may be used by itself for transformation of a microorganism or eukaryotic host, but will 
usually be incmded with a DNA sequence involving a marker, where the second DNA 
sequence may be joined to the expression construct during introduction of the DNA into the 
host 

Where no functional replication system is present, the construct will also preferably 
include a sequence of at least about 30 or about 40 or about 50 basepairs (bp) or so, preferably 
at least about 60, about 70, about 80, or about 90 to about 100 or so bp, and usually not more 
than about 500 to about 1000 or so bp of a sequence homologous with a sequence in the host. 
In this way, the probability of legitimate recombination is enhanced, so that the gene will be 
integrated into the host and stably matatained by the host. Desirably, the regulatory regions of 
the expression construct will be in close proximity to (and also operably positioned relative to) 
the selected therapeutic gene providing for complementation as well as the gene providing for 
the competitive advantage. Therefore, in the event that the therapeutic gene is lost, the resulting 
organism will be likely to also lose the gene providing for the competitive advantage, so that it 
will be unable to competein the environment with the gene retainingthe intact construct. 
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The selected therapeutic gene can be introduced between the transcriptional and 
translationalinitiationxegion andthe tra^^ 

to be under the regulatory control of the initiation region. This construct may be included in a 
Plasmid, which will include at least one replication system, but may include more than one 
when, one xeplication system is employed for cloning during the development of the plasmid 
and the second replication system is necessary for functioning in the ultimate host, in this case 
a mammalianhost cell. In addition, one or more markers may be present, which have been 
described previously. Where integration is desired, the plasmid will desirably include a 
sequence homologous with the host genome. 

Genes or other nucleic acid segments, as disclosed herein, can be imertedmto host cells 
using a variety of techniques that are well known in the art. Five general methods for 
delivering a nucleic segment into cells have been described: (1) chemical methods (Graham 
and VanDerEb, 1973); (2) physical methods such as microinjection (Capecchi, 1980), 
electroporation (U. S. Patent 5,472,869; Wong and Neumann, 1982; Fromm el al, 1985)' 
15 microprojectile bombardment (U. S. Patent 5,874,265, specifically incorporated herein by 
reference in its entirety), "gene gun" (Yang e, al, 1990); (3) viral vectors (Eglitis and 
Anderson, 1988); (4) receptor-mediated mechanisms (Curiel e/ a/.. 1991; Wagner etoL, 1992); 
and (5) bacterial-mediated transformation. 

20 4.5 WTI -Specific Antibodies and Antigen-Binding Fragments Thereof ■ 

The present invention further provides antibodies and antigen-binding fragments 
- thereof, that specifically bind to {or are immunospecific for) at least a first peptide or peptide 
variant as disclosed herein. As used herein, an antibody or an antigen-binding fragment is 
said to "specifically bind" to a peptide if it reacts at a detectable level (within, for example, 
25 an ELISA) with the peptide, and does not react detectably with unrelated peptides or proteins 
under similar conditions. As used herein, "binding" refers to a noncovalent association 
between two separate molecules such that a "complex" is formed. The ability to bind may be 
evaluated by, for example, determining a binding constant for the formation of the complex. 
The binding constant is the value obtained when the concentration of the complex is divided 
30 by me product of the component concentrations. In me context of me present invention, in 
general, two compounds are said to "bind" when the binding constant for complex formation 
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exceeds about W L/moI. The binding constant maybe determined using methods well 
known in the art. 

Any agent that satisfies the above requirements may be a binding agent I„ 
illustrative embodiments, a binding agent is an antibody or an antigen-binding fragment 
> thereof. Sueh antibodies may be prepared by any of a variety of techmques known to those 
of ordinary skill in the art (Harlow and Lane, 1988). In general, antibodies can be produced 
by cell culture teclmiques, mclud^g the generation of monoclonal antibodies as described 
herein, or via transfection of antibody genes into suitable bacterial or mammalian cell hosts, 
in order to allow for the production of recombinant antibodies. In one technique, an 
mnnunogen comprising the peptide is initially injected into any of a wide variety of 
mammals (e.g., mice, rats, rabbits, sheep or goats). In this step, the peptides of this invention 
may serve as the immunogen without modification. Alternatively, particularly for relatively 
short peptides, a superior immune response may be elicited if the peptide is joined to a carrier 
protein, such as bovine serum albumin or keyhole limpet hemocyanin. The immunogen is 
.njeeted into the animal host, preferably according to a predetermined schedule incorporating 
one or more booster immunizations, and the animals are bled periodically. Polyclonal 
antibodies specific for the peptide may then be purified from sueh antisera by, for example, 
affinity chromatography using the peptide coupled to a suitable solid support. 

Monoclonal antibodies specific for ^ antigenic peptide of interest may be prepared, 
for example, using the technique of Kohler and Milstein (1976) and improvements thereto. 
Briefly, these methods involve the preparation of immortal cell lines capable of producing 
antibodies having the desired specificity (Le., reactivity with the peptide of interest): Such 
cell lines may be produced, for example, from spleen cells obtained from an animal 
immunized as described above. Tbe spleen cells are then immortalized by, for example, 
msion with a myeloma cell fusion partner, preferably one that is syngeneic with the 
m^umzed animal. A variety of fusion techniques may be employed. For example, the 
spleen cells and myeloma cells may be combined with a nonionic detergent for a few minutes 
and then plated at low density on a selective medium that supports the growth of hybrid cells, 
but not myeloma cells. A preferred selection technique uses HAT (hypoxanthine, 
amino-pterin, thymidine) selection. After a sufficient time, usually about 1 to 2 weeks, 
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cotei« „f ^ * otsenrei Sing|e ^ ^ ^ Ma ^ ^ 

fer N*« ac„y«y against the 
speaficity are preferred. 

coW ,„ ^ ^ ^ may ^ ^ (o ^ ^ 

blood. C r m^^ m ^^^ m ^^ tamMtti ^ ^ 
gel filhation, p^pMoo, ^ ^ ^ ^ ^ 

^^b^i^P-fic^pac^^ 

^ W«hW cemfa embodiments, fc „ of annger^bindhrg nagmente of antibodies may 
bepretaed. Mih^taMiMfc^^^^^ ^ 
techmrpres. Brief!,, ionaunoaobuhns may ta ^ ^ ^ ^ 

<o y«H Fab and Fc nag,ne»s. ^ Fab ^ Fc ^ fa 

chromatography on Protein A bead columns. 

Monoctal anttbod^ and fragments .hereof may be coupied to one or more 0**, 

agents, which may be used, for exampte, to pmge aotofcgous fcona marrow m vhao). Repse- 
sanu.nve thymic agents inetoda radionucndes, donation inducers, drags, toxins, and 
denvauves thereof. Preferred radionuclides inclnd. -y, » X n,^ ^ 

hefaaed drugs mclnde methohexate, and pyrimidbre and purine analogs, ftefermd 
dffeaenUata inducers mclude phcbol este and b«yric aeid. Prefer toxins inelude 
■ nan, ahna, diptheri. toxin, eholeaa toxin, getonin, Pseudomonas exotoxin Shigella toxin, 
«4 poxeweed anthfal p^ern. Fo, diagnostic purposes, couphng of radioactiye agents may 
be used ,„ Mitate .racing of metoslases o, to determine the location „f WT.-posi.ive 
tumors. 

A therapeutic agen, may te ^ ( ^ ^ _ ^ 

ntonoclona, anUhody eimer directiy or indbnd, (e e , * a linxer pom,,. A direct reaction 
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between an agent and an antibody is possible when each possesses a substituent capable of 
•J.. ^ example, a nucieophilic group, such as an amino or sulfhydryl 

group, on one may be capable of reacting with a carbonyl-contammg group, such as an 
anhydnde or an acid halide, or with an alkyl group containing a good leaving group (e.g., a 
5 halide) on the other. 

Alternatively, it may be desirable to couple a therapeutic agent and an antibody via a 
baker group. A linker group can function as a spacer to distance an antibody from an agent 
' m.onte to avoid interfere «M bmding c^bOnies. A Knker^up c*h also serve to 
"crease the chemical reactivity of a substiment on an agent or an antibody, and thus increase 
10 the coupJing efficiency. An increase in chemical reactivity may ako facilitate the use of 
agents, or functional groups on agents, which otherwise would not be possible. 

IfwiJJbeevidenttomo^skilled^ 
t,onal reagents, both homo- and hetero-functional (such as those described in the catalog of 
the P.erce Chemical Co., Rockford, IL), may be employed as the linker group: Coupling 
15 may be affected, for example, through amino groups, carboxyl groups, and sulfhydryl groups 
or oxuhzed carbohydrate residues. There are numerous references describing such method- 
ology, e.g., U. S. Patent No. 4,671,958. 

Where a therapeutic agent is more potent when free from the antibody portion of the 
.nununoconjugates of the present invention, it may be desirable to use a linker group that is 
20 ^-abledurmgoruponmten^iza^ 

groups have been described. The mechanisms for the intracelJular release of an agent from 
;these hnker groups include cleavage by reduction of a disulfide bond (U. S. Pajent 
No. 4,489,710), by irradiation of a photolabile bond (U. S. Patent No. 4,625,014), by 
hydrolysis of derivatized amino add side chains (U. S. Patent No. 4,638,045), by serum 
25 complement-mediated hydrolysis (U. S. Patent No. 4,671 ,958), and add-calalyzed hydrolysis 
(U- S. Patent No. 4,569,789). 

It may be desirable to couple more than one agent to an antibody. In one embodi- 
ment, multiple molecules of an agent are coupled to one antibody molecule. In another 
embodiment, more man one typ^^^ Regardless of the 

0 particular embodiment, immunoconjugates with more than one agent may be prepared in a 
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vanetyofways. For example, more than one agent may be coupled directly to an antibody 

earner can be used. A carrier may bear the agents in a variety of ways, including covaien, 
bondtng eifter directly or via a linker greupi Suitable camem include ptoteins such as 
> onnmrins (U. S. Paten, No. 4.507.234X peptides and pdysaccharides such as aminodexfian 

No. 4,873,088). Cantos specific for radionuclide agents include mdioha.ogena.ed small 

nroleodes and chehding compounds. For example, U. S. Paten, No. 4,735,702 diseases 

repce^Mvemd^oge.mted^molecmeaandmeiraynu^ 

may bo formed from chelating compounds tha, indude those contenting nmngen and sulfcr 

autms aa the donor atoms for binding the metal, or metal oxide, radionuclide. For ex*np,e 

U. S. Patent No. 4,673,562 discloses representative chelating compounds and their synthesis 

A vanct, ofmu.es of admimsnafion for me antibodies and inununoconjuga.es may 
beused. Wcany.tKhniniata.ta^ 

bad of a resold tmno, „ will be evident that ,be precise dose of me antibody/ immtmo- 
conjngate win vaq. depending upon tbe antibody used, the anfigen denany on the firmer, and 
the rate of clearance of the antibody. - 

Also provided herein are jmti -idiotypic antilwhVe - • 

x junuypic antibodies that mimic an immunogenic 

portion of WTL Such antibodies may be mised against an anfibody, or a, anfigen-btadn* 
flymen, thereof, find specific binds ,o an hnmmmgeme portion of wn. using weU- 
hnown techniques, Anfi-idkdypic antibodies tha, nritme an immunogenic pmtion of WF1 
are those antibodies tha, bind to an anfibody, or anuge^bhtding fiagnren, thereof, tba, 
specrtically binds to an immunogenic portion of WTl, aa described herein. 

Irrespective of the source of d,e original WTl pepfide-specific antibody, the taact 
^.fibody.antibody mdfimers.or an, one of a variety of fimefionm.anfigen-bindmg regions of 
the antibody may be used in the present invention. Exemplary functional regions include scFv 
Fv.FaV.FabandFfablfmgmen^eTO pepfide-specifle anfibodies. Techniques for 
prepanngsnchconafincttarewelltaowntoWi^^^^^^^^^ 
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The choice of antibody construct may be influenced by various factors. For example, 
prolonged half-life can result from the active readsorption of intact antibodies within the 
kidney, a property of the Fc piece of immunoglobulin. IgG based antibodies, therefore, are 
expected to exhibit slower blood clearance than their Fab' counterparts. However, Fab' 
fragment-based compositions will generally exhibit bettertissue penetrating capability. 

Antibody fragments can be obtained by proteolysis of the whole immunoglobulin by 
the non-specific thiol protease, papain. Papain digestion yields two identical antige^bindihg 
fragments, termed Tab fragments," each with a single antigen-Kncfi^ residual Tc 
fragment" 

Papain should first be activated by reducing the sulphydryl group in the active site with 
cysteine, 2Hnercaptoetbanol or dhfriothreitol. Heavy metals in the stock enzyme should be 
removed by chelation with EDTA (2 mM) to ensure maximum enzyme activity. Enzyme and 
substrate are normally mixed together in the ratio of 1:100 by weight. After incubation, the 
reaction can be stopped by irreversible alkylation of the thiol group with iodoacetamide or 
simply by dialysis. The completeness of the digestion should be monitored by SDS-PAGE and 
the various fractions separated by Protein A-Sepharose or ion exchange chromatography. 

The usual procedure for preparation of F(ab% fragments from IgG of rabbit and human 
origin is limited proteolysis by the enzyme pepsin. The conditions, lOOx antibody excess 
wt/wt. in acetate buffer at P H 4.5, 37°C, suggest that antibody is cleaved at the C-terminal side 
of the inter-heavy-cham disulfide bond: Rates of digestion of mouse IgG may vary with 
subclass and it may be difficult to obtain high yields of active F(ab% fragments without some 
undigested or completely degraded IgG. In particular, IgG* is highly susceptible to complete 
degradation. The other subclasses require different incubation conditions to produce optimal 
results, all of which is known in the art. 

Pepsin treatment of intact antibodies yields an F(ab% fragment that has two antigen- 
combining sites and is still capable of cross-linking antigen. Digestion of rat IgG by pepsin 
requires conditions including dialysis in 0.1 M acetate buffer, pH 4.5, and then incubation for 
fourhrs with 1% wt/wt. pepsin; IgG, and IgG* digestion is improved if first dialyzed against 
0.1 M formate buffer, P H 2.8, at 4°C, for 1 6 hrs followed by acetate buffer. IgG,, gives more 
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co^tresuhs Moth i^bation in ^phylococcal V8 protease (3% wt/wt)in 0.1 M sodium 
phosphate buffer,pH 7.8, forfourhrs at 37°C. 

A Fab fragment also contains the constant domain of the fight chain and the ft* 
constant domain (CHI) of the heavy chain. Fab' fragments differ from Fab foments by the 
5 addition of a few residues at the carboxyl terminus of the heavy chain CHI domain including 
cue or more cysteine*) from the antibody hinge region. F<ab % antibody fragments were 
ongnvdlyprod^^ ^ 

chemicalcouplingsofantibodyfragmentsareaisoknown. 

The term 'Variable," as used herein in reference to antibodies, means that certain 

10 portions of the variable domains differ exteh^wW.™ •. • .. 

lus umer extensively m sequence among antibodies, and are used 

mmebmdmgandspecificityofeachp^cularantm^ 

vanabifiry is not evenly distributed throughout the variable domains of antibodies. It is 
concentrated in three segments termed "hypervariable regions," both in the light chain and the 
heavy chain variable domains. 
'5 The more high* conserved portions of variable domains are called the framework 

region (FR). The variable domains of native heavy and light chains each comprise four FRs 

(FR1, FR2, FR3 and FR4, respectively), largely adopting a p-sheet configuration, connected by 

«^hypervariableregions,wmchformloop^ 

the p-sheet structure. 

The hypervariable regions in each chain are held together m close proximity by the FRs 
and, with the hypervariable regions from the other chain, contribute to the formation of the 
anhgeu-binding site of antibodies (Kabat.e,< 1991, specifically incorpomted herein by 
reference). The constant domains are not involved directly in binding an antibody to an- 
antigen, but exhibit various effector functions, such as participation of the antibody in antibody- 
dependent cellular toxicity. 

The term "hypervariableregion," as used herein, refers to the amino acid residues of an 
antibody that are responsible for antigen-binding. The hypervariable region comprises amino 
acid residues from a "complementaritydetennining region" or "CDR" (le. residues 24-34 (LI) 
50-56 (L2) and 89-97 (L3) in the light chain variable domain and 31-35 (HI), 50-56 (H2) and 
95-102 (H3) in the heavy chain variable domain (Kabat et al, 1991, specifically incorporated 
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herein by reference) and/br those residues from a "hypervariable loop" (Le., residues 26-32 
(LI), 50-52(L2) and 91-96 (13) in the light chain variable domain and 26-32 (Hi), 53-55 (H2) 
and 96-101 (H3) in the heavy chain variable domain). "Framework" or residues are those 
variabledori^amresiduesomerftanthehyp^ariablere^ 

An "FV fragment is the rninimum anhTx>dy fragment that contain a coirmleteant^ 
recognition and binding site. This region consists of a dimer of one heavy chain and one light 
ehain variable domain in tight, cor>covalent association: It is in this configuration that three 
hypervariableregions of each variable domammt^ 

surface of the dimen Collectively, six hypervariable regions confer antigen-binding 

specificity to the antibody. However, even a single variable domain (or half of an Fv 
comprisingomy threefrypervariable reg iom specific lor ^ 
and bindantigeii,almoughataIower affinity m^ 

"Single-chain Fv" or W antibody fragments comprise the V H and V L domains of 
antibody, wherein these domains are present in a single polypeptide chain. Generally, the Fv 
polypeptidefurthercomprisesapolypeptidelto 
the sFv to form the desired structure for antigen binding. 

"Diabodies" are small antibody fragments with two antigen-binding sites, which 
fragments comprise a heavy chain variable domain (V„) connected to a hght chain variable 
domain (VJ hi the same polypeptide chain (V H - VJ. By using a linker that is too short to 
allow pairing between the two domains On the same chain, the domains are forced to pair with 
the complementary domains of another chain and create two antigen-binding sites. Diabodies 
are described in European Pat. Appl. No. BP 404,097 and Intl. Pat Appl. Publ. No. WO 
93/1 1J61, each specifically incorporated herein by reference, 'linear antibodies", which can 
be bispecific or monospecific, comprise a pair of tandem Fd segments OW V^l) that 
form a pair of antigen binding regions, as described in Zapata etal (1995), specifically 
incorporatedhefein by reference. 

Otl^typesofvariantsa^^^ 
parent antibody from which they are generated. Such variants, or second-generation 
compounds, are typically substitutional variants involving one or more substituted 
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hypervariable region residues of a parent antiW.- a - 

substitntfonalvanantsis a^itvn,, ™ * ^ 

anantsis affinity maturationusing phage display 

Inafi^ 

5 va "antsthus g eneratedaredisplavedi„ flm , , * 

variantsareth ~ ^phag^,^ 
^^^AenscreenedfortheirKologicalactfvftyre^ binding ^ , ^^yed 
In order to identity candid i. • . ™nngafflta^)as herein disclosed. 

" diffl™, M even aW e riorimm)i JMW ' OSCraM «-»"' li »'ffl«l^™".a ml c*„ ra b« 

c^el ~ ~" ^ PEG and the like, is 

30 stilj retains t he desired w , • , ° roustestu, 8 of the resultant molecule to ensure that it 

warns ifte desired biological properties Further ^kt - 

hmther stabrhzmg modifications include the use 
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of the additionofstabilizingmoieties to either^ 

is generally used to prolong the half-life of biological molecules. By way of example only, one 
may wish to modify the tomini by acylation or amination. 

Moderate conjugation-type modifications for use with the present invention include 
incorporating a salvage receptor binding epitope mto Ae anulx>dy fegment. Techniques for 
achieving this include mutation of the appropriate region of the antibody fragment or 
incorporating the epitope as a peptide tag that is attached to the antibody fragment Intl. Pat. 
Appl. Publ. No. WO 96*2478 is specifically mcorporated herein by reference for the 
purposes of further exemplifying such technology. Salvage receptor binding epitopes are 
typically regions of three or more amino acids from one or two fops of the Fc domain that are 
transferred to the analogous position oh ^ The salvage receptor-binding 

epitopes disclosed in Intl. Pat. Appl. Publ. No. WO 98/45331 are incorporated herein by 
reference for use with the present invention. 

15 4.6 t Cell Compositions Specific for WT1 Peptides 

Immunotherapeutic compositions may also, or alternatively, comprise T cells specific 
for WTT. Such cells may generally be prepared in vitro or ex vivo, using standard 
procedures. For example, T cells may be present within (or isolated from) bone marrow, 
peripheral blood or a fraction of bone foarrow or peripheral blood of a mammal, such as a ! 
patient, using a commercially available cell separation system, such as the Isolex™ System, 
available from Nexell Therapeutics, Inc. (Irvine, CA; see also U. S. Patent No. 5,240,856; U. 
S, Patent No. 5,215,926; InU. Pat; Appl. Publ. No. WO 89/06280; Intl. Pat Appl. Publ. No. V 
WO 91/161 16 and Intl. Pat. Appl. Publ. No. WO 92/07243). Alternatively, T cells may be 
derived from related or unrelated humans, non-human mammals, cell lines or cultures. 
25 T cells may be stimulated with WT1 peptide, polynucleotide encoding a WT1 peptide 

and/or an antigen-presenting cell (APQ that expresses a WT1 peptide. Such stimulation is 
performed under conditions and for a time sufficient to permit the generation of T cells that 
are specific for the WT1 peptide. Preferably, a WT1 peptide or polynucleotide is present 
within a delivery vehicle, such as a microsphere, to facilitate the generation of antigen- 
30 specific T cells. Briefly, T cells, which may be isolated from a patient or a related or 
unrelated donor by routine techniques (such as by Ficoll/Hypaque® density gradient 



20 



WO 0J/62M0 

rcT/USOl/05702 



53 



centrifogatioa of peripheral blood lymphocytes* a - u 
^■feWeaaacootro,. Sampte m "* *«• »f WTI 



T. cells are considered to be specific for a WTl M -j . 
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HKluded^ 

or the generation of cytolytic activity (£*., generation of cytotoxic TceJls specific for WTi)' 
For CD4* T cells, a preferred method for detecting specific T cell activation is the detection 
of the proliferation of T cells. For CD8* T cells, a preferred method for detecting specific 
» T cell activation is the detection of the generation of cytolytic activity. 

For therapeutic purposes, CD4* or CDS* T cells that proliferate in response to the 
WTI peptide, polynucleotide or APC can be expanded in number either in vitro or in vivo 
Prol^^^ Forexample 
the Tcells can be re-exposed to WTI peptide, with or ^thout me addition of T cell growth 
factor,, such as interleulo^, andA>r stimulator cells that synthesize a WTI peptide The 
addmon of stimulator cells is preferred where generating CD8* T cell responses. T cells can 
be grown to large numbers in vitro with retention of specificity in response to intermittent 
regulation with WTI peptide. Briefly, for the primary in vitro stimulation (IVS), large 
numbers of lymphocytes (e.g., greater than 4x 10>) may be placed in flasks with media 
counting human serum. WTI peptide (e.g., peptide at 10 ug/ml) may be added directly, 
along with tetanus toxoid (e.g., 5 ug/ml). The flasks may then be incubated (e.g., 37°C for 7 
days). For a second IVS, Tcells are then harvested and placed in new flasks with 2-3 x 10' 
mediated peripheral blood mononuclear cells. WTI peptide (,g., 10 ug/ml) is added 
duectly. The flasks are incubated at 37°C for 7 days. On day 2 and day 4 after the second 
IVS, 2-5 units of interleukin-2 (IL-2) may be added. For a third IVS, the T cells may be 
placed m wells and stimulated with the individual's own EBV transformed B cells coated 
wrth the peptide. IL-2 may be added on days 2 and 4 of each cycle. As soon as the cells are 
shown to be specific cytotoxic Tcells, they may be expanded using a KWay stimulation 
cycle with higher IL-2 (20 units) on days 2, 4 and 6. 

Alternatively, one or more T cells that proliferate in the presence of WTI peptide can 
be expanded in number by cloning. Methods for cloning cells are well known in the art, and 
mclude limiting dilution. Responder T cells may be purified from the peripheral blood of 
sensrtrzed patients by density gradient centrifugation and sheep red cell rosetting and 
established in culture by stimulating with the nominal antigen in the presence of irradiated 
autologous filler cells. In order to generate CD4+ T cell lines, WTI peptide is used as the 
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An alternative method is to introduce the TCR chains specific for WT1 into T cells or other 
cells with lytic potential: In a suitable embodiment, the TCR alpha and beta chains are 
cloned out from a WTl specific T cell line and used for adoptive T cell therapy, such as 
described in WO96/5051 6, incorporated herein by reference. 

4.7 ^^ACEimCA^ COMPOSITION ^VACOmFomm^tlONS 

Within certain aspects, peptides, polynucleotides, antibodies and/or T cells may be 
incorporated into pharmaceutical compositions or immunogenic compositions {le., 
vaccines). Alternatively, a pharmaceutical composition may comprise an antigen-presenting' 
cell (e.g., a dendritic cell) transfected with a WTl polynucleotide such that the antigen- 
presenting cell expresses a WTl peptide. Pharmaceutical compositions comprise one or 
more such compounds or cells and a physiologically acceptable carrier or excipient 
Vaccines may comprise one or more such compounds or cells and an immunostimulant, such 
as an adjuvant or a liposome (into which the compound is incorporated). An immunostimu- 
lant may be any substance that enhances or potentiates an immune response (antibody- 
and/or cell-mediated) to an exogenous antigen. Examples of immunostimulants include 
adjuvants, biodegradable microspheres (e.g., polylactic galactide) and liposomes (into which 
the compound is incorporated) (U. S. Patent No. 4,235,877). Vaccine preparation is 
generally described in, for example, Powell and Newman (1995). Pharmaceutical 
compositions and vaccines within the scope of the present invention may also contain other 
compounds, which may be biologically active or inactive. For example, one or more 
immunogenic portions of other tumor antigens may be present, either incorporated into a 
fusion peptide or as a separate compound, within the composition or vaccine. 

Within certain embodiments, pharmaceutical compositions and vaccines are designed 
to elicit T cell responses specific for a WTl peptide in a patient, such as a human. In general, 
T cell responses may be favored through the use of relatively short peptides (e.g., comprising 
less than 23 consecutive ammo acid residues of a native WTl peptide, preferably 4-16 
consecutive residues, more preferably 8-16 consecutive residues and still more preferably 8- 
10 consecutive residues). Alternatively, or in addition, a vaccine may comprise an 
immunostimulant that preferentially enhances a T cell response. In other words, the 
immunostimulant may enhance the level of a T cell response to a WTl peptide by an amount 
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apparent that a vaccine may Uprise both a polynucleotide and a peptide exponent. Such 
vaccines may provide for an enhanced immune response. 

As noted above, a pharmaceutical composition or vaccine may comprise an a*tigen- 
presenting cell that expresses a WT1 peptide. For therapeutic purposes, as described herein, 
> the anUgen^resenting cell is preferably an autologous dendritic cell. Such cells may be 
prepared and transfected using standard techniques (Reeves et al, 1996; Turing ,/ al - 1998- 
andNair^^^Exp^onofaTO^deonm^ 

cell may *confi*med by in vitro stimulation and standard proliferation as well as chromium 
release assays, as described herein. 

It will be apparent to those of ordinary skill in the art having Ae benefit of the present 

teaclungs that a vaccine may contain pharmaceutically acceptable sahs of the polynucleotide, 

and peptidesprovided herein. Such salts may be prepared from pharmaceutically acceptable 

non-toxrc bases, including organic bases (eg., salts of primary, secondary and tertiary amines 

and basrc amino acids) and inorganic bases (,g., sodium, potassium, lithium, ammonium 

calcrum and magnesium salts). Tne phrases -pharmaceutically or pharmacologically 

acceptable-refer to molecular entities and compositions*** do not produce an adverse aDergic 

or other sigrnficant untoward reaction when admmistered to an animal, or a human as 

appropriate. As used herein, -pharmaceuticaDy acceptable carrier" includes any and all 

solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 

absorptiondelaying agents and the like. The use of suchmedia and agents for pharmaceutical 

actwesubstancesiswellknownintheart Except insofar as any conventionalmedia or agent is 
.ncompatmle^^^ 

For human administration, preparations should meet sterility, pyrogenicity, and general safety 
and purity standards as required by the Food and Drug Administration Office of Biologies 
standards. Supplementaryactiveingredients^ 

While any suitable carrier known to those of ordinary skill in the art may be 
employed in the pharmaceutical compositions of this invention, the type of carrier will vary 
depending on the mode of admimstration. Compositions of the present invention may be 
formulated for any appropriate manner of administration, including for example, topical, 
oral, nasal, intravenous, intracranial, intraperitoneal, subcutaneous or intramuscular 
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an insoluble suspension of acylated tyrosine; acyJated sugars; cationicalfy or amonicaliy 
dualized Polysaccharides; polyphosphazenes; biodegradable microspheres; 
monophosphoryl. lipid A and Quil A. Cytokines, such as GM-GSF or interieukin-2, -7, or - 
12, may also be used as adjuvants. 

Hemocyanins and hemoerythrins may also be used in the invention. The use of 
hemocyanin from keyhole limpet (KLH) is particularly preferred, although other molluscan 
and^pod^^ Various polysaccharide 

adjuvants may al«> be used. Potyamine varieties of p^lysacchandes are pearly 
preferred, such as chitin and cbtosan, mcluding deacetylated chitin. 
"> A further preferred group of adjuvants are the muramyl dipeptide (MDP 

N-acetylmm^^ group of bacterial peptidoglycans. Derivatives of 

muramyl dipeptide, such as the amino add derivative threonyl-MDP, and the fatty acid 
derivative MTPPE,' are also contemplated. 

U. S. Patent No. 4,950,645 describes a lipophilic disaccharide-tripeptide derivative of 
muramyl dipeptide that is proposed for use in artificial liposomes formed from phosphatidyl 
choline and phosphatidyl glycerol. It is said to be effective in activating human monocytes 
and destroying tumor cells, but is non-toxic in generally high doses. The compounds of U. S 
Patent No. 4,950,645, and intl. Pat AppL Publ. No. WO 91/, 6347 are also proposed for «* 
m achieving particular aspects of the present invention. 

BCG and BCG-cell wall skeleton (CWS) may also be used as adjuvants in the 
mvenhon, with or without trehalose dimycolate. Trehalose dimycolate may be used itself 
Azuma etal (,988) show that trehalose dimycolate administration correlates with 
augmented resistance to influenza virus infection in mice. Trehalose dimycolate may be 
prepared as described in U. S. Patent No. 4^79,945. 

Amphipathic and surface^active agents, e.g., saponin and derivatives such as QS2, 
(Cambridge Biotech), form yet another group of preferred adjuvants for use with the 
nnmunogens of the present invention. Nonionic block copolymer surfactants (Rabinovich 
etal, ,994; Hunter etal, ,991) may also be employed. Oligonucleotides, as described by 
Yamamoto etal. (,988) are another usefu, group of adjuvants. Qui, A and lentinen are also 
'0 preferred adjuvants. 
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Superantigens are also collated for use as adjuvants m the present invention. 
"Superantigens- are generally bacterial products that stimulate a greater proportion of T 
lymphocytes than peptide antigens without a requirement for antigen processing (Mooney 
«. al, 1994). Superantigens include Staphylococcus exoproteins, such as the a, fc y and o 

Common enterotoxins are known as staphylococcal enterotoxin A 

(SEA) and staphylococcal enterotoxinB (SEB), with enterotoxins through B (SEE) being 
described (Rotte/../., 1992). Streptococcus pyogenes (SEB), Clostridium perfringens 
enterotoxin (Bownesse, al, , 992), cytoplasmic membrane-associated protein (CAP)from S . 
10 (Sato ei:al t ,994) and toxic shock syndrome toxm-1 (TSST-1) from * aureus 

(Schwab e/. a/., 1 993) are further useful superantigens. 

One group of adjuvants particularly preferred for use in the invention are the 
detoxrfied endotoxins, such as the refined detoxified endotoxin of U. S. Patent No 
4,866,034. TT.ese refined detoxified endotoxins are effective in producing adjuvant 
15 responses in mammals. 

The detoxified endotoxins may be combmed with other adj^ants. Combination of 
detoxdled endotoxins with trehalose dimycolate is contemplated, as described in U. S. Patent 
No. 4,435386. Combinations of detoxified endotoxins with trehalose dimycolate and 
^ oto -^lipidsisalsocontemplated 

detoxdied endotoxins with cell wall skeleton (CWS) or CWS and trehalose dimycolate 
described in U. S. Patent No, 4,436,727, 4,436,728 and 4,505,900. Combinations of jusf 
CWS and trehalose dimycolate, without detoxified endotoxins are also envisioned to be 
useful, as described in U. S. Patent No. 4,520,019. 

MPL is currently one preferred immunopotentiating agent for use herein. References 
that concern the uses of MPL include Tomai et al (1987), Chen et al. (,991) and Garg and 
Subbarao (,992), that each concern certain roles of MPL in the reactions of aging mice- 
Elhott et al. (1991), that concerns the D-galactosamine loaded mouse and its enhanced 
sensrtnaty to lipopolysaccharide and MPL; Chase et al. (1986), that relates to bacteria, 
lections; and Masihi et al. O o 88) , ^ descrfbes ^ ^ rf MpL ^ _ 

» rcstance of mice to Toxoplasma gondii. Fitzgerald (199,) also reported on the use of MPL 
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to up-regulate the inununogenicty of a -^^y^-maui^^SgiBmAm^ 
against challenge infection in rabbits. 

Thus MPL is known to be safe for use, as shown in the above model system 
Phase-I clinical trials have also shown MPL to be safe for use (Vosika etaL, 1984). Indeed 
5 100 ug/ m > is known to be safe for human use, even on an outpatient basis (Vosika etal ' 
1984). 

MPL generally induces polyclonal B cell activation (Baker et al, 1994), and has been 
shown to augment antibody production in many systems, for example, in immunologically 
.mmature mice (Baker etal., 1988); in aging mice (Tomai and Johnson, 1989); and in nude 
,10 and Xid mice (Madonna and Vogel, 1986; Myers etal., 1995). Antibody production has 
been shown against erythrocytes (Hraba e , al., 1993); Tcell dependent and independent 
antigens; Pnu-immune vaccine (Garg and Subbarao, 1992); isolated tumor-associated 
antigens (U. S. Patent 4,877,61 1); against syngeneic tumor cells (Livingston etal, 1985- 
Ravindranath etal., 1994a;b); and against tumor-associated ganghosides (Ravindranath 
15 etal., 1994a;b). 

Another useful attribute of MPL is that is augments IgM responses, as shown by 
Baker et al. (1988a), who describe the ability of MPL to increase antibody responses in 
young mice. This is a particularly useful feature of an adjuvant for use in certain 
embodiments of the present invention. Myers etal. (1995) recently reported on the ability of 
10 MPL to induce IgM antibodies, by virtue T cell-independent antibody production. 

hi the Myers etal. (1995) studies, MPL was conjugated to the hapten, TOP. MPL 
was proposed for use as a carrier for other haptens, such as peptides. 

MPL also activates and recruits macrophages (Verma etal., 1992). Tomai and 
Johnson (1 989) showed that MPL-stimulated T cells enhance IL-, secretion by macrophages. 
5 MPL is also known to activate superoxide production, lysozyme activity, phagocytosis, and 
killing of Candida in murine peritoneal macrophages (Chen et al., 1991). 

The effects of MPL on T cells include the endogenous production of cytotoxic 
factors, such as TNF, in serum of BCG-primed mice by MPL (Bennett et al, 1988). Kovach 
etal. (1990) and Elliot etaL (1991) also show that MPL induces TNF activity. MPL is 
known to act with TNF-a to induce release of IFN-y by NK cell,. lFN-y production by 
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T cells in response to MPL was also documented by Tomai and Johnson (1989), and Odean 
etal (1990). 

MPL is also known to be a potent T cell adjuvant For example, MPL stimulates 
proliferation of melanoma-antigen specific CTLs (Mitchell etal, 1988, 1993). Further, 
Baker et al (1988b) showed that nontoxic MPL inactivated suppressor Tcell activity' 
Naturally, in the physiological environment, the mactivation of T suppressor cells allows for 
increased benefit for the animal, as realized by, e.g., increased antibody production. Johnson 
and Tomai (1988) have reported on the possible cellular and molecular mediators of the 
adjuvant action of MPL. 

MPL is also known to induce aggregation of platelets arid to phosphorylate a platelet 
protein prior to induction of serotonin secretion (Grabarek etal, 1990). This study shows 
ttotMPLismvolVedmprotemkinaseCactivation^ 

Many articles concern the structure and function of MPL include: These include 
Johnson et al (1990), that describes the structural characterization of MPL homoiogs 
obtained from Salmonella mtnnesota Re595 Upopolysaccharide. The work of Johnson etal 
(1990), in common with Grabarek etal (1990), shows that the fatty acid moieties of MPL 
ean vary, even in commercial species. In separating MPL into eight fractions by thin layer 
chromatography, Johnson etal (1990) found that three were particularly active, as assessed 
using human platelet responses. The chemical components of the various MPL species were 
20 characterized by Johnson etal (1990). .... 

Baker et al (1992) further analyzed the structural features that influence the ability of 
lipid A and its analogs to abolish expression of suppressor T cen activ^ 
decreasing the number of phosphate groups in lipid A from two to one (i.e., creating 
monophosphoryl lipid A, MPL) as well as decreasing the fatty acyl content, primarily by 
removing the residue at the 3 position, resulted in a progressive reduction in toxicity; 
however, these structural modifications did not influence its ability to abolish the expression 
of Ts function (Baker et al, 1992). These types of MPL are ideal for use in the present 
invention. 

Baker et al (1992) also showed that reducing the fatty acyl content from five to fbur 
(lipid A precursor IV A or 1J eliminated the capacity to influence Ts function but not to induce 
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polyclonal activation of B cells. These studies show that in order to be able to abolish the 
expression of Ts function, lipid A must be a glucosamine disaccharide; may have either one 
or two phosphate groups; and must have at least five fatty acyl groups: Also, the chain 
length of the nonhydroxylated fatty acid, as well as the location of acyloxyacyl groups (2' 
5 versus 3' position), may play an important ifole (Baker et al, 1 992). 

In examining the relationship between chain length and position of fatty acyl groups 
on the ability of lipid A to abolish theexpression of suppressor T-cell (Ts) activity, Baker et 
al (1994) found mat fatty acyl chain lengths of C„ to C I4 appeared to be optimal for 
bioactivity. Therefore, although their s is still possible, lipid A preparations with fatty acyl 
.AO groups of relatively short chain lenglh (C, 9 to C 12 from Pseudononas aeruginosa and 
Chromobacterium violaceuni) or predominantly long chain length (C l8 from Helicobacter 
pylori) are less preferred for use in this invention. 

Baker et al (1994) also showed that the lipid A proximal inner core region 
ohgosaccharides of some bacterial lipopolysaccharides increase the expression of Ts activity; 
due mainly to the capacity of such oligosaccharides, which are relatively conserved m 
structure among gram-negative bacterial, to enlarge or expand upon the population of CD8 + 
Ts generated during the course of a normal antibody response to unrelated microbial 
antigens. The minimal structure required for the expression of the added immunosuppression 
observed was reported to be a hexasaccharide containing one 2-keto-3-deoxyoctonate 
resume, two glucose residues, and three heptose residues to which are attached two 
pyrophosphorylethanolamine groups (Baker etal, 1994). This information may be 
considered in utilizing or even designing former adjuvant for me in tte invention 

In a generally related line of work, Tanamoto etal. (1994a;b; 1995) described the 
dissociation of endotoxic activities i„ a chemically synthesized LipidA precursor after 
acetylation or succinylation. Thus, compounds such as 'acetyl 406" and "succinyl 516" 
(Tanamoto et al, 1994a;b; 1995) are also contemplated for use in the invention. 

Synthetic MPLs form a particularly preferred group of antigens. For example, Brade 
etal (1993) described an artificial glycoconjugate containing the bisphosphorylated 
glucosamine disaccharide backbone of lipid A that binds to anti-Lipid A MAbs. This is one 
candidate for use in certain aspects of the invention. 
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The MPL derivatives described in U. S. Patent No. 4,987,237 are particularly 
contemplated for use in the present invention. U, S. Patent No. 4,987,237 describes MPL 
derivatives that contain one or more free groups, such as amines, on a side chain attached to 
the primary hydroxyl groups of the monophosphoryl lipid A nucleus through an ester group. 
5 The derivatives provide a convenient method for coupling the lipid A through coupling 
agents to various biologically active materials. The immunostimulant properties of lipid A 
are maintained. All MPL derivatives in accordance with U. S. Patent No. 4,987,237 are 
envisioned for use in the MPL adjuvant-incorporated cells of this invention. 

Various adjuvants, even those that are not commonly used in humans, may still be 
10 employed in animals; wk*e; for example, one de^ 

obtain activated T cells. The toxicity or other adverse effects that may result from either the 
adjuvant or the cells, e.g., as may ocourusmgnon^htadiated tumor cells, is irrelevant in such 
circumstances. 

Within the vaccines provided herein, the adjuvant composition is preferably designed 
15 to induce an immune response predominantly of the Thl type. High levels of Thl-type 
cytokines (e.g., IFN-y, TNFct, IL-2 and IL-12) tend to favor the induction of ceU-mediated 
immune responses to an administered antigen. In contrast, high levels of Th2-type cytokines 
(e.g., IL-4, 1L-5, IL-6 and IL-10) tend to favor the induction of humoral immune responses. 
Following application of a vaccine as provided herein, a patient will support an immune 
20 response that includes Thl- and Th2-type responses. Within a preferred embodiment, in 
which a response is predominantly Thl-type, the level of Thl-type cytokines will increase to 
a greater extent than the level of Th2-type cytokines. The levels of these cytokines may be 
readily assessed using standard assays. For a review of the families of cytokines see e g., 
Mosmann and Cofiman (1 989). 
25 Preferred adjuvants for use in eliciting a predominantly Thl-type response include, 

for example, a combination of monophosphoryl lipid A, preferably 3-de-O-acylated mono- 
phosphoryl lipid A (3D-MPL), together with an aluminum salt. MPL adjuvants are available 
from Corixa Corporation (Seattle, WA; see e.g., U. S. Patent Nos. 4,436,727; 4,877,611; 
4,866,034 and 4,912,094, each of which is specifically incorporated herein by reference in its 
30 entirety). CpG-containing oligonucleotides (in which the CpG dinucleotide is unmethylated) 
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also induce a preJonnnan.ly TW respond Soch olilsMKkmam mlS kmymmi 
^ted, ft rex an)pl e, inlna . p al . Appl . I( „ bl No ^. WO 86/92555 ^ M . Pat Appl p,, H 
No. W099/334S,. I-^^p^^^^^^^ * 
Salo . , V99S) . ^ „ ^ „ a ^ ^ ^ 

,5 . BK^ceuneals Ioc , p,^^ MAX which m » be uaedalone a, in combinata 
w«h <—..*«*. For example, „ enhanced system involves the cembmation of a 
n^pfe^, lipid A and saponin derivative, such as * cOmbioattoii of QS21 aad 3f> 
MFL (see «* Intl. Pat Appt Puh,. No. WO 94/00,53), or , less reactogenic composition 
where the QS21 is qaax)Kd ^ (see ^ ^ 

* ; WO^. oute, prefer fotmulauons comprise aa oiMnJ^ £ 
toeopberol. A patHcohrly pMen, adjuvant foxmutaion involving QS2I, 3D-MPL and 

tocepbero, i„ ^H^«-I*.ta*. been described (see eg;, Intl. Pal An ,I,Pabl 
No. WO 95/17210). PPiruoi. 

Other prefened adjm-ants include Montamde ISA 720 (Seppic), SAF (Chiron) 

ava. able iron. SmithKline Beecham, ^ Bel6ium) , Detox (Corfxa R& * 
529 (Conxa Cotporation) and aminoalkyl glucosaminide 4-phosphates (AGPs) 

Any vaccine provided herein „,ay be prepared nsing welMumwnimettods tha, result 

0 one or more saitahle earners, excipients, or pharmaceutical!, acceptable buffer, Tbe 
compositions described herein maybe administered as par, of a sussed release formulation 

,. (re, a fotntulation snob as a eapanle. sponge or gel [composed of polysaccharides, for 
example] that effects a alow release of contpound following adaption). Such fomrnta- 
uons may generally he prepared using well-known technology (Coombes „ 1996) _ 
artamstered by, fo, example, otal, rectal or subcutrneous tapl a„ wiM , „ by ^.atio. at 
the destred huge. site. Sasfcloed-relense foliations may contain a pepude, polyaucleoude 
« antrbod, dispersed in a carte, matrix and/or chained within a reservoir surrounded by a 
rate-controJIing membrane. 

<^'»'^wi tW „s M *f„ n „„, aW ^ 
be brodegradable; preferably the f„rm„, alion provides a relatively constrn, level of active 
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component release. Such earners include imcroparticles of polydactide-co-glycohde), as 
weU as polyacrylate, latex, starch, cellulose and dextran. Other delayed-release earners 
include supramolecular biovectors, which comprise a non-liquid bydrophilic core (e.g., a 
cross-linked polysaccharide or oligosaccharide) and, optionally, an external layer comprising 
5 an amphiphilic compound, such as a phospholipid (U. S. Patent No. 5,151,254; Intl. Pat 
Appl. Publ. No. WO 94/20078; Intl. Pat Appl. Publ. No. WO/94/23701; and Intl. Pat. AppL 
Publ . No. WO 96706638). The amount of active compound contained within a sustained 
release formulation depends upon the site of implantation, the rate and expected duration of 
release and me nature of the condition to be treated or prevented. 
0 Any of a variety of delivery vehicles may be employed withm pharmaceutical compo- 

sitions and vaccines to facilitate production of an antigen-specific immune response that 
targets tumor cells. Delivery vehicles include antigen-presenting cells (APCs), such as 
dendritic cells, macrophages, B cells, monocytes and other cells that may be engineered to be 
efficient APCs. Such cells may, but need not, be genetically modified to increase the 
capacity for presenting the antigen, to improve activation and/or maintenance of the T cell 
response, to have anti-tumor effects perse and/or to be immunologically compatible with the 
receiver (i.e., matched HLA haplotype). APCs may generally be isolated from any of a 
variety of biological fluids and organs, including tumor and peritumoral tissues, and may be 
autologous, allogeneic, syngeneic or xenogeneic cells. 

Certain preferred embodiments of the present invention use dendritic cells or 
progenitors thereof as antigen-presenting cells. Dendritic cells are highly potent APCs 
(Banchereau and Steinman, 1998) and have been shown to be effective as a physiological 
adjuvant for eliciting prophylactic or therapeutic antitumor immunity (Tinunerman and Levy, 
1999). In general, dendritic cells may be identified based on their typical shape (stellate in 
situ, with marked cytoplasmic processes (dendrites) visible in vitro), their ability to take up, 
process and present antigens with high efficiency and their ability to activate naive T cell 
responses. Dendritic cells may, of course, be engineered to express specific cell-surface 
receptors or ligands that are not commonly found on dendritic cells in vivo or ex vivo, and 
such modified dendritic cells are contemplated by the present invention. As an alternative to 
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dendritic cells, secreted vesicles antigeii-loaded dendritic cells (called exoson.es) may be 
used within a vaccine (Zityogel et al, 1998). 

Dendritic cells and progenitors may be obtained from peripheral blood, bone niaxrow 
tumor-infiltrating cells, peritumoral tissues-infiltrating cells, lymph nodes, spleen, skin,' 
• 5 umbmcal cord blood or any other suitable tissue or fluid. For example, dendritic cells may 
be differentiated ex vivo by adding a combination of cytokines such as GM-CSF IL-4 IL-13 
^^toculturesofmo^ 

positive cells harvested from .peripheral blood, umbmcal cord b^ 
chfferentiated into dendritic cells by adding to the culture medium combinations of GM-CSF 
# ^TOF^CD^ligand,!^,^ ^Z^or o^ om ^ { s)^^ m ^ 
tion, maturation and proliferation of dendritic cells. 

Dendritic cells are conveniently categorized as "immature" and "mature" cells, which 

this nomenclature should not be construed to exclude all possible intermediate stages of 
differentiation. Immature dendritic cells are characterized as APC with a high capacity for 
antigen uptake and processing, which correlates with the high expression of Fey receptor and 
mannose receptor. The mature phenotype is typically characterized by a lower expression of 
these markers, but a high expression of cell surface molecules responsible for T cell activa- 
te such as class I and class II MHC, adhesion molecules (e.g., CD54 and CD11) and 
costimulatory molecules {e.g., CD40, CD80, CD86 and 4-1BB). 

APCs may generally be transfected with a polynucleotide encoding a WT1 peptide 
such that the peptide, or an immunogenic portion thereof, is expressed on the cell surface.' 
Such.transfection may take place ex vivo, and a composition or vaccine comprising such 
transfected cells may then be used for therapeutic purposes, as described herein. Alter- 
natively, a gene delivery vehicle that targets a dendritic or other antigen-presenting cell may 
be administered to a patient, resulting m transfection that occurs ,„ vivo. In vivo and ex vivo 
transfection of dendritic cells, for example, may generally be performed using any methods 
known ,n the art, such as those described in Intl. Pat. Appl. Publ. No. WO 97/24447 or the 
gene gun approach described by Mahvie,*/. (,997). Antigen loading of dendritic cells may 
be achieved by incubating dendritic cells or progenitor cells with the WT1 peptide DNA 
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(naked or within a plasmid vector) or RNA; or with antigen-expressing recombinant 
bacterium or viruses {e.g., vaccinia, fowlpox, adenovirus or Ientivirus vectors). Prior to 
loading, the peptide may be covalently conjugated to an immunological partner that provides 
T cell help (eg:, a earner molecule). Alternatively, a dendritic cell may be pulsed with a 
non-conjugated immunological partner, separately or in the presence of the peptide. 

Combined therapeutics is also contemplated, and the same type of underlying 
pharmaceutical compositions may be employed for both single and combined medicaments, 
Vaccines and pharmaceutical compositions may be presented in unit-dose or multi-dose 
containers, such as sealed ampoules or vials. Such containers are preferably hermetically 
sealed to preserve sterility of the formulation until use. In general formulations may be 
stored as suspensions, solutions or emulsions in oily or aqueous vehicles. Alternatively, a 
vaccine or pharmaceutical composition may be stored in a freeze-dried condition requiring 
only the addition of a sterile liquid carrier immediately prior to use. 

15 4.8 Methods for the Therapy of Malignant Disease 

In further aspects of the present invention, the compositions and vaccines described 
herein may be used to inhibit the development of malignant diseases {e.g., progressive or 
metastatic diseases or diseases characterized by small tumor burden such as minimal residual 
disease). Ingenen* suchmethods may be used to prevent, delay or treat a disease associated 
20 with WT1 expression. In other words, therapeutic methods provided herein may be used to 
treat an existing WT1 -associated disease, or may be used to prevent or delay the onset of 
such a disease in a patient who is free of disease or who is afflicted with a disease that is not 
yet associated withWTl expression. 

As used herein, a disease is "associated with WT1 expression" if diseased cells {e.g., 
25 tumor cells) at some time during the course of the disease generate detectably higher levels of 
a WT1 peptide than normal cells of the same tissue. Association of WT1 expression with a 
malignant disease does not require that WT1 be present on a tumor. For example, 
overexpression of WT1 may be involved with initiation of a tumor, but the protein expres- 
sion may subsequently be lost. Alternatively, a malignant disease that is not characterized by 
30 an increase in WT1 expression may, at a later time, progress to a disease that is characterized 
by increased WT1 expression. Accordingly, any malignant disease in which diseased cells 
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formerly expressed, currently express or are expected to subsequently express increased 
levels of WT1 is considered to be "associated with WT1 expression." Within certain 
embodiments, the therapies provided herein are administered to a patient afflicted with, or 
considered at risk for, malignant mesothelioma. 
5 Immunotherapy may be performed using any of a variety of techniques, in which 

compounds or cells provided herein function to remove WT1 -expressing cells from a patient. 
Such removal may take place as a result of enhancing or inducing an immune response in a 
patient specific for WT1 or a cell expressing WT1 . Ahematively, WT1 -expressing cells may 
be removed ex vivo (e.g., by treatment of autologous bone marrow, peripheral blood or a 
fraction of bone marrow or peripheral blood). Fractions of bone marrow or peripheral blood 
may be obtained using any standard technique in the art 

Within such methods, pharmaceutical compositions and vaccines may be adminis- 
tered to a patient. As used herein, a "patient" refers to any warm-blooded animal, preferably 
ahuman. A patient may or may not be afflicted with a malignant disease. Accordingly, the 
above pharmaceutical compositions and vaccines may be used to prevent the onset of a 
disease (/.e, prophylactically) or to treat a patient afflicted with a disease (e g., to prevent or 
delay progression and/or metastasis of an existing disease). Apauent afflicted with a disease 
may have a minimal residual disease (eg., a low tumor burden in a leukemia patient in 
complete or partial remission or a cancer patient following reduction of the tumor burden 
after surgery radiotherapy and/or chemotherapy). Such a patient may be immunized to 
inhibit a relapse (/.e, prevent or delay the relapse, or decrease the severity of a relapse). 
Within certain preferred embodiments, the patient is afflicted with malignant mesothelioma. 
Other. WTl-associated conditions include leukemia (e.g. t AML, CML, ALL or childhood 
ALL), a myelodysplastic syndrome (MDS) and cancer (eg., gastrointestinal, lung, thyroid or 
breast cancer or a melanoma), where the cancer or leukemia is WT1 positive (i.e., reacts 
detectably with an anti-WTl antibody, as provided herein or expresses WT1 mKNA at a 
level detectable by RT-PCR™, as described herein), as well as autoimmune diseases directed 
against WT1 -expressing cells. 

Other diseases associated with WT1 overexpression include kidney cancer (such as 
renal cell carcinoma, or Wilms tumor), as described in Satoh et al (2000), and Campbell et 
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al (1998); and mesothelioma, as described in Arab et al., (1995). Harada et al, (1999) 
describe WTI gene expression in human testicular germ-cell tumors. Nonomura et al. 
Hinyotika (1999) describe molecular staging of testicular cancer using polymerase chain 
reaction of the testicular cancer-specific genes. Shimizu et al. (2000) describe the 
immunohistochemical detection of the Wilms' tumor gene (WTI) in epithelial ovarian 



tumors 
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WTI overexpression was also described in desmoplastic small round cell tumors, by 
Barnoud,*, flM 2000). WTI overexpression in glioblastoma and other cancer was described 
by Menssen et al., (2000), "Wilms' tumor gene (WTI) expression in lung cancer, colon 
10 cancer and glioblastoma cell lines compared to freshly isolated tumor specimens." Other 
diseases showing WTI overexpression include EBV associated diseases, such as BurkitTs 
lymphoma and nasopharyngeal cancer (Spinsanti et al, 2000), "Wilms" tumor gene 
expression by normal and malignant human B lymphocytes." 

Pan et al. (2000) describe in vitro IL-12 treatment of peripheral blood mononuclear 
cells from patients with leukemia or myelodysplastic syndromes, and reported an increase in 
cytotoxicity and reduction in WTI gene expression. Patmasinwat */ al. (1999) reported 
WTI and GATA1 expression in myelodysplastic syndrome and acute leukemia. Tamaki et 
al. (1 999) reported that the Wilms tumor gene WTI is a good marker for diagnosis of disease 
progression of myelodysplastic syndromes. Expression of the Wilms tumor gene WTI in 
solid tumors, and its involvement in tumor cell growth, was discussed in relation to gastric 
cancer, colon cancer, lung cancer, breast cancer cell lines, germ cell tumor cell line, ovarian 
cancer, the- uterine cancer, thyroid cancer cell line, hepatocellular carcinoma, in Oji et aL 
(1999). 

The compositions provided herein may be used alone or in combination with conven- 
tional therapeutic regimens such as surgery, irradiation, chemotherapy and/or bone marrow 
transplantation (autologous, syngeneic, allogeneic or unrelated). As discussed in greater 
detail below, binding agents and T cells as provided herein may be used for purging of 
autologous stem cells. Such purging may be beneficial prior to, for example, bone marrow 
transplantation or transfusion of blood or components thereof. Binding agents, T cells, 
antigen-presenting cells (APC) and compositions provided herein may further be used for 
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expanding and stimulating (or priming) autologous, allogeneic, syngeneic or unrelated WT1- 
see*fic T<ells in vitro and/or i nviv 6: Such WTl -specific T cells may be used, for example, 
within donor lymphocyte infusions. 

Routes and frequency of administration, as well as dosage, will vary from individual 
> to individual, and may be readily established using standard techniques. In general, the 
Pharmaceutical compositions and vaccines may be administered by injection (e^, intracu- 
taneous, intramuscular, mtmvenous or subcutaneous), fatranasally by aspiration) or 
orally, fa some tumors, pharmaceutical compositions or vaccines may be administered 
locally (by, for example, rectocoloscopy, gastroscopy, videoendoscopy, angiography or other 
methods known in the art). Preferably, between 1 and 10 doses may be administered over a 
52-week period. Preferably, 6 doses are admmistered, at intervals of 1 month, and booster 
vaccinations may be given periodically thereafter. Alternate protocols may be appropriate 
for mdividual patients. A suitable dose is an amount of a compound that, when administered 
as described above, is capable of promoting an anti-tumor immune response that is at least 
10-50% above the basal (i.e., untreated) level. Such responses be monitored by measuring 
the antitumor antibodies in a patient or by vaccine-dependent generation of cytolytic effector 
cells capable of killing the patient's tumor cells in vitro. Such vaccines should also be 
capable of causing an immune response that leads to an improved clinical outcome (e.g., 
more frequent complete or partial remissions, or longer disease-free and/or overall survival) 
in vaccinated patients as compared to non-vaccinated patients, fa general, for phannaceuticai 
compositions and vaccines comprising one or more peptides, the amount of each peptide 
present in a dose ranges from about 100 ug to 5 mg. Suitable dose sizes will vary with the 
size of the patient, but will typically range from about 0.1 mL to about 5 mL. 

In general, an appropriate dosage and treatment regimen provides the active 
compound(s) in an amount sufficient to provide therapeutic and/or prophylactic benefit 
Such a response can be monitored by establishing an improved clinical outcome (e.g., more 
frequent complete or partial .emissions, or longer disease-free and/or overall survival) fa 
treated patients as compared to non-treated patients. Increases fa preexisting immune 
responses to WT1 generally correlate with an improved clinical outcome Such immune 
responses may generally be evaluated using standard proliferation, cytotoxicity or cytokine 
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Such tT"^ res P onse *o a WT1 peptide or WTl-expressing APC, as described above. 
Teens ma, * adtom^t, ... ^ ^ ^Jj^ ^ ^ 

ertnpmtheiesponseofthepatieiit 

^ ceriata embodiments, T cel, s ma, be simulated prior ,„ autologous Kmc 

^^^■P^^^^.Wr .peptide, a poJILt 

peripheral blood stem cells and/or Wn-necififc T - , ' 

- . r wii-speaftc T cells may then be administered to a 

patient using standard techniques. 

, , ^' 1 ' w ' n re 'ated embodiments, T cells of a related or unrelated donor may be stimu- 

Z r, toSyn8e,,eiC «"".« -*M> bone ma™ .anspta^om 

« *W*ren ma, t*ep,ace ln vivo'ot bi «ro. Fot l „ ^ ^ ^ 

an*or penphcnu blood (or a fiacta, perip*mal b lM d) obtmner, tan a 

^ed or nmemred done, ma, be contacted * WT1 peptide, WT, po„mre,e„Hde andl M 
APC that expresses a WT1 peptide nnder ecnditions and for , time sufficient to penni, the 

~n of T " *~ Bone mmrow, peripbem, bread stem cefts andtor 

WT^cTeeBam^menbeatoms^m,^,^^,^^ 

*" OUKr ^ Wl-specifie T celk as described herein ma, be used to 

remove cells expressing WT, tan autologous bnne mareow, periphem, blood or a fraction 
of bone ma™, « blood ^ ^ ^ ^ ^ 
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administration to a patient). Such methods may be performed by contacting bone marrow or 
PB with such T cells under conditions and for a time sufficient to permit the reduction of 
W^pressing ceils to less than 10%, preferably less than 5% and more preferably less 
than 1 %, of the total number of myeloid or lymphatic cells in the bone marrow or peripheral 
blood. The extent to which such cells have been removed may be readily determined by 
standard methods such as, for example, qualitative and quantitative PCR™ analysis, 
morphology, inimunohistochemistry and FACS analysis. Bone marrow or PB (of a fraction' 
thereof} n%y men be 



10 



4.9 Diagnostic and Prognostic Methods for WTI-Specific Disease 

The present invention further provides methods for detecting a malignant disease 
associated with WT1 expression, and for monitoring the effectiveness of an immunization or 
therapy for such a disease. Such methods are based on the discovery, within the present 
invention, that an immune response specific for WT1 protein can be detected in patients 
15 afflicted with such diseases, including malignant mesothelioma, and that methods which 
enhance such immune responses may provide a preventive or therapeutic benefit. Diagnostic 
methods provided herein may provide early detection of these diseases, and permit the high 
throughput- screening of patients considered at risk. Such patients include, for example, indi- 
viduals suspected of asbestos exposure, which may be at risk for the development of 
20 malignant mesothelioma. 

To determine the presence or absence of a malignant disease associated with WT1 
^^'on, a patient may be tested Within certain 

methods, a biological sample comprising CD4* and/or CDF T cells isolated from a patient is 
incubated with a WT1 peptide, a polynucleotide encoding a WT1 peptide and/or an APC that 

25 expresses a WT1 peptide, and the presence or absence of specific activation of the T cells is 
detected, as described herein. Suitable biological samples include, but are not limited to, 
isolated T cells. For example, T cells may be isolated from a patient by routine techniques 
(such as by Ficoll/Hypaque density gradient centrifugation of peripheral blood lymphocytes). 
T cells may be incubated in vitro for 2-9 days (typically 4 days) at 37°C with WT1 peptide 

30 {e.g., 5-25 ug/ml). It may be desirable to incubate another aliquot of a T cell sample in the 
absence of WT1 peptide to serve as a control. For CD4* T cells, activation is preferably 
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patients indicates the presence of a m T at least 20% greater than in disease-free 
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(Brown er a!., 1980); enzyme-linked immunosorbent assays (Raines and Ross, 1982)- 
^munocytochemical techniques, including the use of fluorochrOmes (Brooks e/aC ,980> 
and neutralization of activity (Bowen-Pope etal, 1984). Other immunoassays include,bux 
are not limited to, those described in U. S. Patent Nos. 3,817,827; 3,850;752; 3,901,65* 
5 3,935,074; 3,984,533; 3,996,345; 4,034,074; and 4,098,876. 

For deteetion purposes, WT1 peptide may either be labeled or unlabeled. Unlabeled 
TO peptide may be used in agglutination- assays or in combination with labeled detection 
reagents that bind to the inununocomplexes (e.g., anti^unogJobulin, protd^ 
or a lectin and secondary antibodies, or antigen-binding fragments thereof, capable of 
JO bmdingtotheant^^ If the WT1 peptide is 

labeled, the reporter group may be any suitable reporter group known in the art, including 
radioisb^ 

Within certain assays, unlabeled WT1 peptide is immobilized on a solid support. The 
solid support may be any material known to those of ordinary skill in the art to which the 
peptide may be attached. For example, the solid support may be a test well in a microliter 
plate or a nitrocellulose or other suitable membrane. Alternatively, the support may be a 
bead or disc, such as glass, fiberglass, latex or a plastic material such as polystyrene or poly- 
vmylchloride. The support may also be a magnetic particle or a fiber optic sensor, such as 
those disclosed, for example, in Ul S. Patent No. 5,359,681. The peptide may be 
.mmobilized on the solid support using a variety of techniques known to those of skill in the 
art, which are amply described in the patent and scientific literature. In the context of the 
present invention, the term "immobilization" refer, to both noncovalent association, such as 
adsorption, and covalent attachment (which may be a direct linkage between the antigen and ' 
functional groups on the support or may be a linkage by way of a cross-linking agent). 
Immobilization by adsorption to a well in a microliter plate or to a membrane is preferred. In 
such cases, adsorption may be achieved by contacting the WT1 peptide, in a suitable buffer, 
with the solid support for a suitable amount of time. The contact time varies with 
temperature, but is typically between about 1 hour and about 1 day. In general, contacting a 
well of a plastic microliter plate (such as polystyrene or poly vinylchloride) with an amount of 
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over a period of nme. At room tempeeabare, an incubation te of alout 3 „ ^ „ 
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^.gm,,eve,o,b ta nn 8te , W u K „ veraperio(Ioflime Untaund defecnon reagen, is 
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ccn, group, BMn ^ ^ ^ ^ ^ ^ ^ < ^ ^ 
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horseradish peroxidase, beta-galactosidase, alkaline phosphatase and glucose oxidase) may 
generally be detected by the addition of substrate (generally for a specific period of time), 
followed by spectroscopic or other analysis of the reaction products. Regardless of the 
specific method employed, a level of bound detection reagent that is at least two fold greater 
than background (/.e, the level observed for a biological sample obtained from a disease-fee 
individual) indicates the presence of a malignant Asease assodated with WT1 expression. 

In general, methods for mppAoring the effectiveness of an immumzatiori or ft erapy 
involve monitoring changes in the level of antibodies or T cells spedfic for WTl in the 
patient. Methods in which antibody levels are momtored may comprise the steps of: 
(a) incubating a first biological sample, obtained from a patient prior to atherapy or immuni- 
zation, with a WTl peptide, wherein the incubation is performed under conditions and for a 
time sufficient to aUow immu^^^^ 

between the WTl peptide and antibodies in the biological sample that specifically bind to the 
WTl peptide; (c) repeating steps (a) and (b) using a second biological sample taken from the 
patient following therapy or immunization; and (d) comparing the number of 
immunocomplexes detected in the first and second biological samples. Alternatively, a 
polynucleotide encoding a WTl peptide, or an APC expressing a WTl peptide may be 
employed in place of the WTl peptide; Wjthin such methods, immunocomplexes between 
the WTl peptide encoded by the polynucleotide, or expressed by the APC, and antibodies in 
10 the biological sample are detected. 

Methods in which T cell activation and/or the number of WTl specific precursors are 
monitored may comprise the steps of: (a) incubating a fust biological sample comprising 
CD4*. and/or CDS* cells (e.g., bone marrow, peripheral blood or a fraction thereof), obtained 
from a patient prior to a therapy or immunization, with a WTl peptide, wherein the 
incubation is performed under conditions and for a time sufficient to allow specific activa- 
tion, proliferation and/or lysis of T cells; (b) detecting an amount of activation, proliferation 
and/or lysis of the T cells; (c) repeating steps (a) and (b) using a second biological sample 
comprising CD4* and/or CDS* T cells, and taken from the same patient following therapy or 
immunization; and (d) comparing the amount of activation, proliferation and/or lysis of T 
cells in the first and second biological samples. Alternatively, a polynucleotide encoding a 



5 



) 



WO 01/62920 

PCT/US0 1/05702 

79 

WT1 peptide, or an APC expresanfi a WTl maiA 

peptide. ^ angaWl ^*^y^e™ployedinp]aceoftheWTl 

» ^^^r:::~^rr Tce,)sa,riArwT * 

tocubation and detection stem , 

It will also be understood that, if desired th» „ , i - • ^ 
~> oesired, the nucleic acid segment RNA. or DMA 

3::rr:r MM ^^'^^ ---- 
~ ii- composi ' io,B - * — - «*•■* - — o to 



WO OJ/6292© 



PCT/US01/05702 



80 



or DNA compositions. Such compositions may inch.de one or more therapeutic g ene 
constructs, either alone, or in combination with one or more modified peptide or nucleic acid 
substiraentderivauves, and/or omerantk^^ 

The formuJation of pharmaceuticalry-acceptable excipients and carrier solutions are 
* well-known to those of skfll in the art, as is the development of suitable dosing and treatment 
regimens for using the particular compositions described herein in a variety of treatment 
regimens, including e.g:, oral, mtmvenous, intranasal, transdermal^ 
and/ormtramiisCTlaradm^ 

30-' 4.10.1 Injectable Delivery 

For example, the pharmaceutical compositions disclosed herein may be administered 
parenteral!* intravenously, intramuscularly, or even intraperitoneally as described in U S 
Patent 5,543,158, U. S. Patent 5,641,515 and U. S. Patent 5,399,363 (each specifically 
mcorporatedberein by referencein its entirety). Solutions of the active compounds as tree-base 

15 or pharmacologically acceptable salts may be prepared in water suitably mixed with a 
surfactant, such as hydroxypropylcellulOse. Dispersions may also be prepared in glycerol, 
liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of 
storage and use, these preparations, contain a preservative to prevent the growth of 
microorganisms. 

20 ™ e P^ aceu «^fo^ 

dispersions and sterile powders for the extemporaneous preparation of sterile injectable 
solutionsordisp« 

its entirety). In all cases the form must be sterile and must be fluid to the extent that easy 
syringabilityexists. It must be stable under the conditions of manufacture and storage and must 
5 be preserved against the contaminating action of microorganisms, such as bacteria and fungi. 
The carrier can be a solvent or dispersion medium containing, for example, water, ethanol, 
Polyol {e g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable 
nnxturesthereofand/orvegetableoils. Proper fluidity may be n^mtamed, for example, by m^ 
nse of a coating, such as lecithin, by the maintenance of the required particle size in the case of 
0 dispersion and by the use of surfactants. The prevention of the action of microorganisms can be 
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also be derived from inorganic bases such as, for example, sodium, potassium, ammonium, 
calcium, or ferric hydroxides, and such organic bases as isopropylamine, trimemylamine, 
hrstrdmcprocaine and the like. Upon formulation, solutions will be administered in a manner 
compatible with the dosage formulation and in such amount as is therapeutically effective The 
5 formulationsare easily administered in a variety of dosage forms such as injectable solutions, 
drug release capsules and the like. 

As used herein, -carrier" includes any and all solvents, dispersion media, vehicles 
coatings^diluents, antibacterial and antifungal agents, isotonic and absorption delaying agents' 
buffers, came^^^ Tneuseofsnch media and agents' 

10 for pharmaceutical active substances is well known in the art Except insofar as auy 
conventionalmemaoragentisincompatfolewimmeactiveingrem-e^^ 

compositionsis contemplated. Supplementary active ingredients can also be incorporated into 
the compositions. 

15 4.10.2 IntranasalDelivery 

One may use nasal solutions or sprays, aerosols or even inhalants for the treatment of 
mesofoeliomawithoneofmo^^ Nasal solutions 

are usually aqueous solutions designed for administration to the nasal passages in drops or 
sprays. Nasal solutions are prepared so that they are similar in many respects to nasal 

secretions, so that normal ciliary action is maintained. Thus, the aqueous nasal solutions 
usualfy^isotoai^^ ^ 

addition, antimicrobial preservatives, similar to those used in ophthalmic preparations, and 
appropriate drug stabilizers, if required, may be included in the formulation. Various 
commercial nasal preparations are known. 

Inhalations and Plants are pharniaceutical preparations designed f OT 
or compound into the respiratory tree of a pahent. A vapor or mist is administered and reaches 
the affected area, often to give relief from symptoms of bronchial and nasal congestion. 
However, this route can also be employed to deliver agents into the systemic circulation. 
Inhalationsmay be administered by the nasal or oral respiratory routes. The administration of 
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Intent 5,565,213; U. S. Patent 5,738,868 and U. S. Patent 5,795,587, each specifically 
mcorporatedherein by reference in its entirety). 

Liposomes have been used successfully with a number of cell types that are normally 
resistant to transfection by other procedures including TceJl suspensions, primary hepatocyte 
culturesandPCnccllsCReimeisene/^ 1990;Mul]ere/*Z, 1990). In addition, liposomes am 
free of the DNA length constraints that are typical of viral-based delivery systems. Liposomes 
have been used effectively to introduce genes, drugs (Heath and Martin, 1986; Heath et at, 
1986; Balazsovits etal, 1989; Fresta and Puglisi, 1996), radiotherapeutic agents (Pikul etaL, 
1987X enzymes (Imaizumie/aZ, 199te;Imai Z umi^ai, 1990h), viruses (Faller and Baltimore] 
1984), transcriptionfactorsand allosteric effectors (Nicolau and Gersonde, 1979) into a variety . 
of cultured cell lines and animals. In addition, several successfol cluneal trails exammm the 
effectiveness of lissome-mediated drug dehvery have been completed (Lopez-Berestein etal, 
1985a; 1985b; Coune, 1988; ScuKere/^, 1988). Furthermore, several studies suggest that the 
use of liposomes is not associated with autoimmune responses, toxicity or gonadal localization 
15 after systemic delivery (Mori and Fukatsu, 1992). 

Liposomes are formed from phospholipids that are dispersed in an aqueous medium and 
spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar 
vesicles (MLVs). MLVs generally have diameters of from 25 nm to 4 urn. Sonicationof 
ML Vs results in the formation of small unilamellar vesicles (SUVs) with diameters in the range 
0 of 200 to 500 A, containing an aqueous solution in the core. 

Liposomes bear resemblance to cellular membranes and are contemplated for use in 
connection with the present invention as carriers for me peptide impositions. They are widefy 
suitable as both water- and lipid-soluble substances can be entrapped, /.e m me a^ 
and within the bilayer itself, respectively. It is possible that the drug-bearing liposomes may 
even be employed for site-specific delivery of active agents by selectively modifying the 
liposomal formulation. 

In addition to the teachings of Couvreur et al. (1977; 1988), the following information 
may be utilized in generating liposomal formulations. Phospholipids can form a variety of 
structures other than liposomes when dispersed in water, depending on the molar ratio of lipid 
to water. At low ratios Ihe liposome is the preferred structure. The physical characteristics of 
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formulations Closed herem^ 
mesotheliomatherapiesforadirimistratfonto 

As such, preferred animals for administration of the, pharmaceutical compositions 
disclosed hereininclude mammals, and particularly humans. Other preferred animals include 
primates,sheep, goats, bovines, equines,porcines, tapines, canines, and felines, as well as any 
other mammaUan species commonly considered pets, livestock, or commercially relevant 
animal species. The compositions and formulations may include partially or significantly 
purified polypeptide, polynucleotide, or antibody or antigen binding fragment compositions, 
ether alone, or in combination with one or more additional active ingredients, anticancer 
agents, vaccines, adjuvants, or other therapeutics which may be obtained from natural or 
recombinant^^^ 

alternative^ 

segments that encode one or more such additional active ingredients, carriers, adjuvants, 
cofactors, or other therapeutic compound. 

4.12 Diagnostic Reagents and Kits 

The invention further provides diagnostic reagents and kits comprismg one or more 
such reagents for use in a variety of diagnostic assays, including for example, immunoassays 
such as ELISA and «sandwich»-type immunoassays. Such kits may preferably include at least 
a first peptide, or a first antibody or antigen binding fragment of the invention, a functional 
fragmentmereoi; or a cocktailmereof,and means for signal generation. The kit's components 
may be pie-attached to a solid support, or may be applied to the surface ofa solid support when 
the kit is used. The signal generatingmeans may come pn>associated with an antibody of the 
invention or may require combination with one or more components, e.g., buffers, antibody- 
enzyme conjugates, enzyme substrates, or the like, prior to use. Kits may also include 
additional reagents, eg, blocking reagents for redutingnonsperificbmdingto the solid phase 
surface, washing reagents, enzyme substrates, and the like. The solid phase surface may be in 
the form of microfiter plates, microspheres, or other materials suitable for immobilizing 
proteins, peptides, or polypeptides. Preferably, an enzyme that catalyzes the formation ofa 
chemimminescent or chromogenic product or the reduction of a chemilnminescent or 
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prepared fa a atogle pW« ^ siUM , arrd m av b. paekaged in a ai»g,e eaatoiaer 
means, sad, aa , vial, flask, syringe, bodle, or otte, suhable singie contoinen Theki* of the 
presen, invenoon « aba rvpicafly inch* a means for containing fc ^ h close 
confinement for — — such * eg., inject™ or blooded plastic coniamers 
' »ese, radiohbet chK^emc, fluorigenic, or 

may be ^vided enhe, in the same co^dner aa the diagaosUo or therapenfic composition 
• *dt «r may alternatively be placed in a seeoad diarino, container n«a^ into w hich d,is 
second compcrtion may be piaced and suitably afc^. Alteroalive|y> „„ 
-gen, and ft. W may be prepared in a single container means, and in most eases, the U 
wtfl abo typicany mehaie a mea* fa mMng ^ ^ „ ^ fc 
commeraal sale and/or convenient packaging and deliver,. 

4-13 Exemplary Definitions 

In accordance with the present invention, nucleic oeid sequences include, but are not 
hmited to, DMAs (including and « ltailed „ genomjc . ^ ^ 
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peptide nucleic acids (PNAs) RNAs (deluding, but not limited to, rRNAs, mKNAs and 
tRNAs), nucleosides, and suitable nucleic acid segn.ents either obtained from native sources, 
chemically synthesized, modified, or otherwise prepared in whole or in part by the hand of 
roan. 

meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although any methods and compositions similar or equivalent to those described 
herein can be used in the practice ortesting of the present invention, the raeferred methods 
and compositions are described herein. For purposes of the present invention, the following 
10 terms are defined beJow: 

A, an: In accordance with long standing patent law convention, the words "a" and "an'* 
when used in this application, including the claims, denotes "one or more". 

Expression: The combination of mtmcellular processes, including tmnscription and 
translation undergone by a polynucleotide such as a structural gene to synthesize the encoded 
1 5 peptide or polypeptide. 

Promoter: a term used to generally describe the region or regions of a nucleic acid 
sequence that regulatestranscription. 

Regulatory Element: a term used to generally describe the region or regions of a 
nucleic acid sequence mat regulatestranscription. 

Structural gene: A gene or sequence region that is expressedlo produce an encoded 
peptide or polypeptide. 

, Transformation: A process of introducing an exogenous polynucleotide sequence 

(e.g-, a vector, a recombinant DNA or RNA molecule) into a host cell or protoplast in which 
that exogenous nucleic acid segment is incorporated into at least a first chromosome or is 
capable of autonomous replication within the transformed host ceD. Transfection, 
electroporation, and naked nucleic acid uptake all represent examples of techniques used to 
transforma bost cell with one or more polynucleotides. 

Transformed cell: A host cell whose nucleic acid complement has been altered by the 
introduction of one or more exogenous polynucleotides^ that cell. 
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Transgenic cell: Any eel] derived or regenerated from a transformed cell or derived 
from a transgenic cell, or from the progeny or offepring of any generation of such a transformed 
host cell. 

Transgenic animal: An animal or a progeny or an offspring of any generation thereof 
5 lhat is derived from a transformed animal cell, wherein the animal's DNA contains an 
introduced exogenous nucleic add mo^ 

tramgenic aniir^rof the same species. The terms "rransgenfi anhnaT and "b^hsformed 
animal" have sometimes been used in the art as synonymous terms to define an animal, the 
genetic contents of which has been modified to contain one or more exogenous nucleic acid 
10 segments. 

Vector: A nucleic acid molecule, typically comprised of DNA, capable of replication 
in a host cell and/or to which another nucleic acid segment can be opemfivefy liriced so as to 
bring about replication of the attached segment. A plasmid, cOsmid, or a virus is an exemplary 



vector. 
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The terms "substantially corresponds to", "substantially homologous", or "substantial 
identity" as used herein denotes a characteristic of a nucleic acid or an amino acid sequence, 
wherein a selected nucleic acid or amino acid sequence has at least about 70 or about 75 
percent sequence identity as compared to a selected reference nucleic add or amino add 
sequence. More typically, the selected sequence and the reference sequence will have at least 
about 76, 77, 78, 79, 80, 81, 82, 83, 84 or even 85 percent sequence identity, and more 
preferably at least about 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95 percent sequence identity. 
More preferably still, highly homologous sequences often share greater than at least about 
96, 97, 98, or 99 percent sequence identity between the selected sequence and the reference 
sequence to which it was compared. The percentage of sequence identity may be calculated 
over the entire length of the sequences to le compared, or may be calculated by excluding 
small deletions or additions which total less than about 25 percent or so of the chosen 
reference sequence. The reference sequence may be a subset of a larger sequence, such as a 
portion of a gene or flanking sequence, or a repetitive portion of a chromosome. However, in 
the case of sequence homology of two or more polynucleotide sequences, the reference 
sequence will typically comprise at least about 18-25 nucleotides, more typically at least 
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about 26 to 35 nucleotides, and even more typically at least about 40, 50, 60, 70, 80, 90 or 
even 100 or so nucleotides. Desirably, which highly homologous fragments are desired me 
extent of percent identity between the two sequences will be at least about 80%, preferabiy at 
least about 85%, and more preferably about 90% or 95% or higher, as readily determined by 
• one or more of the sequence comparison algorithms well-known to those of skill in the art 
such as eg., the FASTA program analysis described by Pearson and Lipman (1988). 

The terni "naturally occurring- as used herein as appfied to an object refers to the fact 
thatanobi^canb.fbu.dmnatt&e. For example, a polypeptide or 
that is present in an organism (including vin,ses) that can be isolated from a source in nature 
and which has not been intentionally modified by the hand of man in a laboratory is 
naturally^ccurring. As used herein, laboratory strains of rodents that may have been 
selectively bred according to classical genetics are considered naturally occu^ 

As used herein, a "heterologous- is defined in relation to a predetermined referenced 
gene sequence. For example, with respect to a structural gene sequence, a heterologous 
promoter ,s defined as a promoter which does not naturally occur adjacent to the referenced 
structural gene, but which is positioned by laboratory manipulation. Likewise a 
heterologous geneor nucleic acid segment is defined as a gene or segment that does not 
naturally occur adjacent to the referenced promoter and/or enhancer elements. 

"Transcriptional regulatory element" refers to a polynucleotide sequence that 
activates transcription alone or in combination with one or more other nucleic acid 
sequences. A transcriptional regulatory element can, for example, comprise one or more 
promoters, one or more response elements, one or more negative regulatory elements, and/or 
one or more enhancers. 

As used herein, a "transcription factor recogmtion site" and a "transcription factor 
bmding site" refer to a polynucleotide sequence^) or sequence motif(s) which are identified 
as being sites for the sequence-specific interaction of one or more transcription factors, 
frequently taking the form of direct protein-DNA binding. Typically, transcription factor 
bmdmg srtes can be identified by DNA footprinting, gel mobility shift assays, and the like, 
and/or can be predicted on the basis of known consensus sequence motifs, or by other 
30 methods known to those of skill in the art. 
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As used herein, the term "operably linked" refers to a linkage of two or more 
polynucleotides or two or more nucleic add sequences in a functional relationship. A 
nucleic acid is "operably linked" when it is placed into a functional relationship with another 
nucleic acid sequence. For instance, a promoter or enhancer is operably linked to a coding 
5 sequence if it affects the transcription of the coding sequence. Operably linked means that 
the PNA sequences being linked are typically contiguous and, where necessary to join two 
protein coding regions, contiguous and in reading frame. However, since enhancers 
generally function when separated from the promoter by several kilobases and intronic 
sequences may be of variable lengths, some polynucleotide elements may be operably linked 
10 but not contiguous. \ 

"Transcriptional unit" refers to a polynucleotide sequence that comprises at least a 
first structural gene operably linked to at least a first exacting promoter sequence and 
optionally linked operably to one or more other cfc-acting nucleic acid sequences necessary 
for efficient transcription of the structural gene sequences, and at least a first distal regulatory 
15 element as may be required for the appropriate tissue-specific and developmental 
transcription of the structural gene sequence operably positioned under the control of the 
promoter and/or enhancer elements, as well as any additional cts sequences that are necessary 
for efficient transcription and translation (e.g., polyadenylation site(s), mRNA stability 
controlling sequence(s), etc. 

20 

5. Examples 

The following examples are included to demonstrate preferred embodiments of the 
invention. However, those of skill in the art should, in light of the present disclosure, appreci- 
ate that many changes can be made in the specific embodiments which are disclosed and still 
25 obtain a like or similar result without departing from the spirit and scope of the invention 
described in the appended claims. 



WO 01/62920 



PCT70SOJ/05702 



92 

This example illustrates the use of WT1 as a marker for malignant rnesomelioma. 

5 5.1.1 Materials an© Methods 

5.1.1.1 Recombinant Protein Purification 

For protein expression, cDNA constructs representing the human Wtl foil length 
acids 1-44!* the terminus (annuo acids 1-249) and terminus (ami^b acids 267- 
449) regions m intQ a pEr2g wctor mreso]lingvectorhada5 , His 

10 ^fouowedbythetmoredoxin^codmgregion^ 

by a Thrombin and EK site. Recombinant BL21 pLysS K coli (Stratagene, La Joila, CA) 
contarrong the expression constructs for the TRX-WT1 Protein And the fusion proteins of 
truncated forms of WTJ with TRX were grown overnight and induced with isopropyl-P-D- 
tluogalactoside (IPTG). All the proteins behaved similarly and were purified following 
15 essentially the same protocol. Cells were harvested and lysed by incubation in 10 mM Tris 
P H=8.0 with complete protease inhibitor tablets (Boehringer Mannheim Biochemicals 
Indianapolis, IN) at 37°C followed by repeated rounds of sonication. Inclusion bodies 
obtamed were washed twice with 1 0 mM Tris pH=8.0 / 0.5% CHAPS and solubilized in 8M 
urea containing 10 mM Tris at P H=8.0 (Buffer A). Proteins were then purified by metal 
Che,a,e **** chromatography over nickel nitrilotnacetic acid resin (QIAGEN Inc., 
Valencia, CA). Proteins were analyzed by SDS-PAGE and fractions containing the proteh, 
of mterest were pooled and dialyzed overnight against excess 10 mM Tris pH=8 0 
Drarysates were brought to 8 M urea and loaded onto a Source Q™ anion exchange resin 
(Amersham Pharmacia Biotech, Uppsala, Sweden) equilibrated in buffer A. Proteins were 
5 eluted m buffer A with a gradient from 0 to 1 M NaCl. Fractions containing the proteins of 
Merest were pooled, dialyzed overnight against excess 10 mM Tris pH=8.0, and stored at - 
80°C for further use. The identity of the WT1 peptides was confirmed by N-terminal 
sequencing. 
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5.1.1.2 Antibody Responses 

Antibody responses to WT1 polypeptides were determined by Western blot analysis 
using both recombinant full-length and truncated WT1 proteins and a WT1 polypeptide 
designated WT N180 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA>. As the primary 
5 antibody, sera from immunized as well as non-immunized B6 mice or human AML patients 
was used in a 1:500 dilution with Tris-buffered saline/1% BSA and 0.1% NP-40™. A 
polygonal antimouse or antihuman-hprseradish i^roxidase-conjugated second antibody 
(Amersham Pharmacia Biotech, Piscataway, NJ) was used in a 1:10,000 dilution. The blots 
were then developed by using a chemiluminescent reaction (ECL™ Reagent, Amersham) 
10 after which they were exposed to Hvpeifilm-ECL 1 ^ (Amersham). The film was developed 
and examined. All control blots were developed by using the commercially prepared WT1 - 
specific antibodies, WT C-19 and WT 180 (Santa Cruz Biotechnology), and each 
demonstrated a strong band at the expected size of the TRX-WT1 fusion proteins (TRX-WT1 
full-length (approximately 85 kDa); TRX-WT1 N-tenninus (approximately 60 kDa); TRX- 
15 WT1 C-tenninus (approximately 50 kDa). 

5.1.1.3 WT1 EL1SA 

96-weil ELISA plates (Nunc) were coated with 50 ul/well of each of the WT1 
proteins. WT1 proteins were diluted to 5 ng/pl in ELISA coating buffer (1 M NajHCOj, pH 

20 9.6). Plates were incubated over night at 4°C or 4 brs at 37°C and then washed twice in 
PBS/0.1% Tween™. Plates were blocked with 200 ul/well Blocking Buffer (10% normal 
goat scra/PBS/0.1 % Tween™), incubated 2 hrs at room temperature and then washed twice. 
As a first step antibody, 50 pi of either patient samples, positive controls or negative control 
samples diluted m Blocking Buffer were added. Positive controls included WTC19 and 

!5 WT1 80 antibodies (Santa Cruz). Negative controls included sera from healthy volunteers. 
Test samples included sera derived from malignant mesothelioma patients. Plates were 
incubated overnight at 4°C or 4 hrs at room temperature, and then washed four tiroes using 
plate washer. As a second step antibody, ami rabbit HRP (1:5000) (for the positive control) 
or anti-human HRP (1:8000) Ab at 100 ul/well diluted in Blocking Buffer were added. 

0 Plates were incubated for 2 hrs at room temperature and then washed six times. 
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The results are presented in FIG. 2, which shows the detection of WTl-specific anti- 
bodies in mesothelioma patients. The first two columns show the positive controls (WTCI9 
and WT180). The third column (designated D44) shows the results for normal control 
serum. The remaining columns show the results for serum samples obtained from patients 
5 with malignant mesothelioma. Serum samples designated S337 and S339 had values that 
were greater than twice the mean of the normal control samples, and thus were considered 
positive for malignant mesothelioma. 

■0 " kw^EwREssmcWTj' OF '* NT,BOI>IESTO inMice Immunized wrra cell 

This example juries !he use of cells expressing WTl lo induce a WT1 speeiBc 
antibody response in vivo. 

Detection of existent antibodies to WTl in patients with leukemia strongly implied 
that it is possible to immunize to WTl protein to elicit immunity to WTl. To test whether 
15 immunity to WTl can be generated by vaccination, mice were injected with TRAMP-C, a 
WTl positive tumor cell line of B6 origin. Briefly, male B6 mice were immunized with 
5 x 10 6 TRAMP-C cells subcutaneously and boosted twice with 5 x 10* cells at three week 
intervals. Three weeks after the final immunization, sera were obtained and single cell 
suspensions of spleens were prepared in RPMI 1640 medium (GIBCO) with 25 pM pV2- 
20 mercaptoethanol, 200 units of penicillin per ml, 10 mM L-glutamine, and 10% fetal bovine 



serum. 



Following immunization to TRAMP-C, a WTl specific antibody response in the 
immunized animals was detectable. A Western blot was performed illustrating the detection 
of a TVTl-specific antibody response in B6 mice immunized with TRAMP-C, a WTl 
5 positivetumorcellline. Lanes 1, 3 and 5 contained molecular weight markers, and ianes 2, 4 
and 6 contained a WTl-specific positive control (N180, Santa Cruz Biotechnology, 
polypeptide spanning 180 amino acids of the N-terminal region of the WTl protein, 
migrating on the Western blot at approximately 52 kDa). The primary antibody used was 
WTl 80 in lane 2, sera of non-immunized B6 mice in lane 4 and sera of the immunized B6 
mice in lane 6. These results demonstrated that immunization to WTl polypeptide elicits an 
immune response to the WTl polypeptide. 



WO 01/62920 POYUS01/05702 



95 



53 Example 3 - Induction of Th and Antibody Responses in Mice Immunized 
wjtuWTI Peptides 

This example illustrates the ability of immiuiization with WT1 peptides to elicit an 
immune response specific for WT1. 

Peptides suitable for eliciting Ab and proliferative T cell responses were identified 
according to the Tsites program (Rothbard and Taylor, 1988; Deavin et al t - 1996), which 
searches for peptide motifs that have the potential to elicit Th responses. Peptides shown in 
Table 2 were synthesized and sequenced. 





Table 2 








Exemplary WT1 Peptides 






Peptide 


Sequence 


Comments 




Mouse; p6-22 


RDLNALLPAVSSLGGGG 


I mismatch relative 


to 




(SEQIDNO:13) 


human WTI sequence 


Human: p6-22 


RDLNALLPAVPSLGGGG 








(SEQIDNO:!) 






Human/mouse: pi 17-139 


PSQASSGQARMFPNAPYLPSCLE 








(SEQ ID NO:2 and SEQ ID NO:3) 






Mouse: p244~262 


GATLKGMAAGSSSSVKWTE 


1 mismatch relative 


to 




(SEQ ID NO: 14) 


human WTI sequence 


Human: p244-262 


GATLKGVAAGSSSSVKWTE 








(SEQIDNO:4) 






Human/mouse: p287~301 


RIHTHGVFRGIQDVR 








(SEQ ID NO: 1 5 and SEQ ID NO: 1 6) 






Mouse: p299-3 13 


VRRVSGVAPTLVRS 


1 mismatch relative 


to 




(SEQ ID NO: 17) 


human WTI sequence 




Human/mouse: p42 1-435 


CQKKFARSDELVRHH 








(SEQ ID NO: 1 9 and SEQ ID NO:20) 







For immunization, peptides were grouped as follows: 

Group A: p6-22 human: 10,9 mg in 1 ml (10 p^l = 100 \ig) 

pi 17-139 human/mouse: 7.6 mg in 1 ml (14 pi = 100 pg) 
p244-262 human: 4.6 mg in 1ml (22 pi = 100 pg) 
GrourjB: p287-301 human/mouse: 7.2 mg in 1 ml (14 pi = 100 pg) 
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mousep299-313:6.6mginlml(15pl=100fig) 
p42l-435 human/mouse: 3.3 mg in I ml (30 pl = 100 pg) 
Control: (FBL peptide 1 00 jig) + CFA/EFA 
Control: (CD45 peptide 100 pg) + CFA/IFA 
5 Group A contained peptides present within the amino terminus portion of WTI (exon 

1) and Group B contained peptides present within the carboxy terminus, which contains a 
four zinc finger region with sequence homology to other DNA-binding proteins. Within 
group B, p287-301 and p299-313 were derived from exon 7, zinc finger 1, andp42i-435 was 
derived from exon 1 0, zinc finger IV. 
10 * 6 ™ cewwe ^™^wimagrox^ 

Peptides were dissolved in 1ml sterile water for injection, and B6 mice were immunized 3 
times at time intervals of three weeks, Adjuvants used were CFA/EFA, GM-CSF, and 
Montinide. The presence of antibodies specific for WTI was then determined as described in 
Examples 1 and 2, and proliferative T cell responses were evaluated using a standard 
15 thymidine incorporation assay, in which cells were cultured in the presence of antigen and 
proliferation was evaluated by measuring incorporated radioactivity (Chen et < 1994), In 
particular, lymphocytes were cultured in 96-well plates at 2 x 10* cells per well with 4 x 10* 
irradiated (3000 rads) syngeneic spleen cells and the designated peptide. 

Immunization of mice with the group of peptides designated as Group A elicited an 
20 antibody response to WT1. A representative Western blot was performed that illustrated the 
detection of WTl-specific antibodies in mice immunized with representative WT1 peptides. 
' Lanes 1, 3 and 5 contained molecular weight markers, with lanes 2, 4 and 6 showing a WTI 
specific positive control (N180, Santa Cruz Biotechnology, por^^ 
acids of the N-terminal region of the WTI protein, migrating on the Western blot at 52 kDa). 
25 The primary antibody used was WT180 in lane 2, sera of non-immunized B6 mice in lane 4 
and sera of the immunized B6 mice in lane 6. No antibodies were detected following 
immunization to Vaccine B, which is consistent with a lack of helper T cell response from 
unmunization with Vaccine B. P117-139 elicited proliferative T cell responses (FIG. 3A, 
FIG. 3B, and FIG. 3C). The stimulation indices (SI) varied between 8 and 72. Other 
30 peptides (P6-22 and P299-313) also were show* to elicit proliferative T cell responses. 



10 
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Immunization with P<h22 resulted in a stimulation index (SI) of 2.3 and immunization with 
P299-313 resulted in a SI of 3.3. Positive controls included ConA stimulated T cells, as well 
as T cells stimulated with known antigens, such as CD45 and FBL, and allogeneic T cell 
lines (DeBruijn et al, 1 991). 

KG. 4A and FIG. 4B show the proliferative response observed for each of the three 
peptides within vaccine A (FIG. 4A) and vaccine B (FIG. 4B). Vaccine A elicited prolifera- 
tive T cell responses to the immunizing peptides p6-22 and pi 17-139, with stimulation 
indices (SI) varying between 3 and 8 (bulk lines). No proliferative response to p244-262 was 
detected (FIG. 4A). 

Subsequent//, vitro stimulahW were earned out as single^ 
only p6-22 and pi 17-139. Stimulation of the Vaccine A specific T cell line with pi 17-139 
resulted ^ in proliferation to pil7-139wimn 0 response to p6-22 (FIG. 5A). Clones derived 
fiom the line were specific for pi 17-139 (FIG. 5B). By contrast, stimulation of the 
Vaccine A specific T cell line with p6-22 resulted in proliferation to p6-22 with no response 

to pll7-139 (FIG. 5C). Clones derived from the line were specific for p6-22 (FIG. 5D). 

These results demonstrated that vaccination with WT1 peptides can elicit an antibody 

response to WT1 polypeptides, and a proliferative T cell response to the immunizing 

peptides. 



> 5 4 4 ' lN1>UCT10N OF CTL Responses in Mice Immunized wira WT1 

-This example illustrates the ability of WT1 peptides to elicit CTL immunity. 
Nonameric peptides (9-mers) with motifs appropriate for binding to class I MHC 
were identified using a variety of analytical methods, including BIMAS HLA peptide 
brndrngpredictionamlysis^arkere/fl/.,^). Peptides identified within such analyses are 
shown in Table 3 - Table 45. In each of these tables, the score reflects the theoretical 
binding affinity (half-time of dissociation) of the peptide to the MHC molecule indicated. 
• Peptides identified using the TSITES program (Rothbard and Taylor, 1988; Deavin et al, 
1996), which searches for peptide motifs that have the potential to elicit Th responses are 
further shown in Table 46. 



15 
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Table 3 

Results of BIMAS HLA; Peptide Binding Prediction Analysis for Binding of 
Human WTI Peptides to Human HLA Al 





atari 
Position 


1 


137 


2 


8Q 


3 


40 


4 


354 


5 


2 


6 


152 


7 


260 


8 


409 


9 


73 


10 


386 


11 


37 


12 


325 


13 


232 


14 


272 


15 


366 


•6 


222 


17 


427 


18 


394 


19 


317 


20 . 


213 



Subsequence Residue Listing 



CLESQPAIR (SEQ ID NO:47) 
GAEPHEEQC (SEQ IDNO87) 
FAPPGASAY (SEQ IDNO:74) 
QCDFKDCER (SEQ ID NO:162) 
GSDVRDLNA (SEQ IDNO:10i) 
VTFDGTPSY (SEQ ID N0244) 
WTEGQSNHS (SEQ ID NQ:247) 
TSEKPFSCR (SEQ ID NO:232) 
KQEPSWGGA (SEQ ID NO: 125) 
KTCQRKFSR (SEQ lDNO:128) 
VLDFAPPGA (SEQ ID NO:241) 
CAYPGCNKR (SEQ ID NO:44) 
QLECMTWNQ (SEQ ID NO: J 67) 
ESDNHTTPI (SEQ ID NO:71) 
RSDQLKRIIQ (SEQ ID NO: 1 93) 
SSDNLYQMT (SEQIDNO.-217) 
RSDELVRHH (SEQ ID NO: 1 91 ) 
RSDHLKTHT (SEQ ID NO. 1 92) 
TSEKRPFMC (SEQ ID NO:233) 
QALLLRTPY (SEQ IDNO:160) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



18.000 

9.000 

5.000 

5.000 

3.750 

2500 

2250 

1350 

1350 

1.250 

1.000 

1.000 

0.900 

0.750 

0.750 

0.750 

0.750 

0.750 

0.675 

0.500 
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Table 4 



Results of ^^^^^^^^J 1 ^ Binding Prediction. Analysis tor Binding 
Human WTl Peptides to Human HLA A 0201 



of 



Rank 


Start Subsequence Residue Listing 
Position 5 


Score n^ctimaio nfHoWT;«* f 

k7vu« \x&imiuaw vi jttan lime of 

Disassodation of a Molecule 
Containing This Subsequence) 


1 


126 


RMFPNAPYL (SEQ ID NO: 1 85) 


313.968 


2 


187 


SLGEQQYSV(SEQIDNC*214) 


285.163 




10 


ALLPAVPSL (SEQ ID NO:34) 


181.794 




242 


NLGATLKGV (SEQ ID NOl 46) 


159.970 . 


5 


225. 


NLYQMTSQL (SEQ ID NOl47> 


68360 


6 


292 


GVFRGIQDV (SEQ ID NO- 1 m\ 


51.790 


7 


191 


QQYSVPPPV (SEQ ID NO* 171) 


22.566 


8 


280 


1LCGAQYRI (SEO ID NO- 11 G\ 


17.736 


9 


235 


CMTWNQMNL (SEQ ID N049) 


15.428 


10 


441 


NMTKLQLAL (SEQ IDNO.149) 


15.428 


1 1 


7 


DLNALLPAV (SEQ ID NO:58) 


11.998 


\*y 
iz 


227 


YQMTSQLEC (SEQ ID N0251) 


8373 


13 


239 


NQMNLGATL (SEQ IDNQ-151) 


8.014 


14 


309 


TLVRSASET (SEQ ID NO:226) 


7452 


15 


408 


KTSEKPFSC (SEQID NO: 129) 


5.743 


16 


340. 


LQMHSRKHT (SEQ ID NO:139) 


4.752 


'7 


228 


QMTSQLECM (SEQ ID NO:l 69) 


4.044 


18 


93 


TVHFSGQFT (SEQ ID N0235) 


3.586 


19 


37 . 


VLDFAPPGA (SEQ ID N0241) 


3378 


20 


86 


EQCLSAFTV (SEQ ID NO:69) 


3.068 
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Table 5 

Results of BMAS T^fM^Bi^riMim^^^ for Binding of 
Human WT1 Peptides to Hum an HLA A 0205 



10 

n 

12 

13 

14 

15 

16 

17 

18 

1? 

20 



Start 
Position 



Subsequence Residue Listing 



10 

m 

126 

225 

239 

302 

441 

235 

187 

191 

340 

242 

227 1 

194 

93 

280 

98 

309 

81 

73 



ALLPAYPSL (SEQ ID NO:34) 
GVFRGIQDV (SEQ IDNO:103) 
RMFPNAPYL (SEQ ID NO;l 85) 
NLYQMTSQL (SEQ ID NO:i47) 
NQMNLGAIl (SEQ ID NO: 151) 
RVPGVAPTL (SEQ ID NO: 195) 
NMTKLQLAL (SEQ IDNO:149) 
CMTWNQMNL (SEQ ID NO:49) 
SLGEQQYSV (SEQ ID NO:214) 
QQYSVPPPV (SEQIDNO:171) 
LQMHSRKHT (SEQ ID NO: 139) 
NLGATLKGV (SEQ ID NO: 1 46) 
YQMTSQLEC (SEQ ID NO:251) 
SVPPPVYGC (SEQ ID NO:21 8) 
TVIffSGQFT (SEQ ID NO:235) 
ILCGAQYR1 (SEQ ID NO: 1 1 6) 
GQFTGTAGA (SEQ IDNO:99) 
TLVRSASET (SEQ ID NO.-226) 
AEPHEEQCL (SEQ ID NO-30) 
KQEPSWGGA (SEQ ID NO:125) 



Score (Estimate of Half Time of 
Disassociation of a Molecule . 
Containing This Subsequence) 

42.000 

24.000. 

21.000 

21.000 

16:800 

14.000 

7.OO0 

7.000 

6.000 

4.800 

4.080 

4.000 

3.600 

2.000 

2.000 

1.700 

1.200 

1.000 

0.980 

0.960 
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Tabled 



Results OT ^^^^HI^ ^Pept^e Binding i^w^oN^^Yjig F0R jjj^ij^ 0F 



Rank 



Start 
Position 



Human ^nrmKm Bm^mAAM 

Subsequence Residue Listing 



1 


302 


2 


218 


3 


356 


4 


126 


5 


326 


6 


270 


7 


239 


8 


1ft' 


9 


130 


10 


329 


11 


417 


12 


47 


13 


180 


14 


4 


15 


285 


16 


192 


17 


207 


18 


441 


19 


225 


20 


235 



RVPGVAPTL (SEQID NO:195) 
RTPYSSDNL (SEQ H> NO:194) 
DFKDCERRF (SEQ ID NO:55) 
RMFPNAPYL (SEQID NO.I85) 
AYJ>GCNKJlY(SEQJDNO:42) 
GYESDNHT (SEQ ID NO:106)T 
NQMNLGATL (SEQID NO:151) 
ALLPA VPSL (SEQ ID NO:34) 
NAPYLPSCL (SEQ ID NO:144) 
GCNKRYFKL (SEQ ID NO:90) 
RWPSCQKKF (SEQID NQM96) 
AYGSLGGPA (SEQ ID NO:4I) 
DPMGQQGSL (SEQ IDNO:59) 
DVRDLNALL (SEQ ID NO:62) 
QYRIHTHGV (SEQ ID NO:175) 
QYSVPPPVY (SEQID NO:176) 
DSCTGSQAL (SEQID NO:6I) 
NMTKLQLAL (SEQ ID NO: 149) 
NLYQMTSQL (SEQ ID NO:147) 
CMTWNQMNL (SEQ ID NO:49) 



Score (Estimate of Half rime of 
Disassociation of a Molecnle 
Containing This Subsequence) 

16.800 

12.000 

12.000 

9.600 

7.500 

7.500 

7J0O 

7.200 

7.200 

6.600 

6.600 

6.000 

6.000 

5.760 

5.000 

5.000 

4.800 

4.800 

4.000 

4.000 
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Table? 

H uman WTITeptipes to Human fi&AA3 

Rank Start -— 
Position 



Subsequence Residue listing 



Score (Estimate of Half Time of 
Disassociation of a Molecule 



Containing This Snhseq 


1 




NMHQKNNfTK (SEQ ID NO: 148) 


40.000 


2 




QMNLGATLK. (SEQ ID NO: 1 68) 


20.000 


-i 


OO 


CLSAFTVHF (SEQ ID NO:48) 


6.000 


A 


\Zo 


RMFPNAPYL (SEQ ID NO. 1 85) 


4,500 


c 
3 


169 


AQFPNHSFK (SEQ ID N036) 


4.500 


r 
O 


10 


ALLPAVPSL (SEQ IDN034) 


4.050 


7 


* 137 


CLESQPA1R (SEQ ID NO:47) 


4.000 


8 


225 


NLYQMTSQL (SEQ ID NO. 1 47) ' 


3.000 


9 


32 


AQWAPVLDF (SEQ ID N037) 


2.700 


10 


280 


ILCGAQYRI (SEQ ID N0: 116) 


2.700 


11 


386 


KTCQRKFSR (SEQ ID NO: 1 28) 


1.800 


12 


235 


CMTWNQMNL (SEQ ID N049) 


1200 


13 


441 ' 


NMTKLQLAL (SEQ ID NO: 1 49) 


1.200 


14 


152 


VTFDGTPSY (SEQ 10NO244) 


1.000 


15 


187 


SLGEQQYSV (SEQ ID NO:2 14) 


0.900 


16 


383 


FQCKTCQRK (SEQ ID NO80) 


0.600 


17 


292 


GVFRGIQDV (SEQ IDNO:103) 


0;450 


18 


194 


SVPPPVYGC (SEQ IDNO:2I8) 


0.405 


19 


287 


RIHTHGVFR (SEQ ID-NO:! 82) 


0.400 


20 


263 


GQSNHSTGY (SEQ IDNO:100) 


0.360 
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Table 8 

Human Wn Peptides to Human HLA A68.1 

S„l^o^i^l^ Score (Est^ateofHalfTi^r- 

Disassociation of a MoIecuJe 
, Containin g This Subsequence) 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 



100 
386 
368 
312 

337 
364 
409 
299 
4 

118 

343 

169 

292 

325 

425 

354 

324 

251 

379 

137 



FTGTAGACR (SEQ ID NO:84) 
KTCQRKFSR (SEQ ID NO: 128) 
DQLKRHQRR (SEQ ID NO60) 

RSASETSEK (SEQ ID Nai90) 
LSHLQMHSR (SEQ IDNO:14l) 
FSRSDQLKR (SEQ ID NO:83) 
TSEKPFSCR (SEQIDNQ:232); 
DVRRVPG VA (SEQ ID NO:63) 
DVRDLNALL (SEQ ID NO:62) 
SQASSGQAR (SEQ ID NO:2l6) 
HSRKHTGEK (SEQ ID NOrJ 1 1) 
AQFPNHSFK (SEQ ID N036) 
GVFRGIQDV (SEQ ID NO: 103) 
CAYPGCNKR (SEQ ID NO:44) 
FARSDEL VR (SEQ ID NO:75) 
QCDFKDCER (SEQ ID NO: 1 62) 
MCAYPGCNK (SEQ ID NO. 142) 
AAGSSSSVK (SEQ ID NO:28) 
GVKPFQCKT(SEQIDNO:104) 
CLESQPAIR (SEQ ID NO:47) 



100.000 

50.000 

30.000 

18.000 

15.000 

15.000 

15.000 

12.000 

12.000 

10.000 

9.000 

9.000 

8.000 

7.500 

7.500 

7.500 

6.000 

6.000 
6.000 
5.000 
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Tabled 



Results op BIMA^ HLA Peptide Binding Prediction Analysis for Binding 
Human, WTl Peptides to Human hLA A 1 i 01 



OF 



l 

2 
3 

.:' 4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19: 

20 



Start 
Position 

386 
169 
436 
391 
373 
383 
363 
240 
287 
100 
324 
251 
415 . 
118 
292 
137 
425 
325 
312 



Subsequence Residue Listing 

KTCQRKFSR (SEQIDNO:l28) 
AQFPNHSFK(SEQIDN6:36) 
NMHQRNMtK (SEQ iDNO:14$) 
KFSRSDHLK (SEQ ID NO.120) 
HQRRHTGVK (SEQ IDNO.109) 
FQCKTGQRK (SEQ ID NCfc80) 
RFSRSDQLK (SEQ ID NO: 178) 
QMNLGATLK (SEQIDNO:l68) 
RJHTHGVFR (SEQIDNO:I82) 
FTGTAGACR (SEQ ID NO:84) 
MCAYPGCNK (SEQIDNO:142) 
AAGSSSSVK (SEQ ID NO-.28) 
SCRWPSCQK (SEQ ID NO:201) 
SQASSGQAR (SEQ IDNO:216) 
GVFRGIQDV (SEQIDMO.103) 
CLESQPAIR (SEQ ID NO:47) 
FARSDELVR (SEQ ID NO:75) 
CAYPGCNKR (SEQ ID NO:44) 
RSASETSEK (SEQ IDNO:190) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 

1.800 

1.200 

0.800 
0.600 
0.600 
0.600 
0.600 
0.400 
0.240 
0.200 
0200 
0200 
0200 
0.120 
0.120 
0.080 
0.080 
0.080 
0.060 



WO 01/62920 



PCT/USOJ/05702 



105 

Table 10 



HumanWTI Peptides to Human hf.a a ««t 



Rank 


Start Subsequence Residue Listine 
Position 6 


ocorc (fLstimate of Half Time of 








Bisassociation of a Molecule 








Containing This Sohseqnence) 


i 


386 


KTCQRKFSR (SEQ ID NO:128) 


9.000 


2 


287 


RIHTHGVFR (SEQ IDNO.I82) 


6.000 


3 


137 


GLESQPAIR (SEQ ID NO:47) 


2.000 


A 

4 


118 


SQASSGQAR (SEQ ID NO:216) 


2.000 


5 


368 


DQLKRHQRR (SEQ ID NO: 60) 


1.200 


6 


100 


FTGTAGACR (SEQ ID NO:84) 


1.000 


7 


293 


VFRGIQDVR (SEQIDNO:238) 


0.600 




325 


CAYPGCNKR (SEQ ID NO:44) 


0.600 


9 


169 


AQFPNHSFK (SEQ ID NO:36) 


0.600 


10 


279 


PILCGAQYR (SEQIDNO:155) 


0.400 


11 


436 


NMHQRNMTK (SEQIDNO:148) 


0.400 


12 


425 


FARSDELVR (SEQ ID NO:75) 


0.400 


13 


32 


AQWAPVLDF (SEQ ID N037) 


0.240 


14 


240 


QMNLGATLK (SEQ ID NO:168) 


0.200 


15 


354 


QCDFKDCER (SEQ JD NO: 1 62) 


0.200 


16 


373 


HQRRHTGVK (SEQ ID NO: 109} 


0.200 


17 


383 


FQCKTCQRK (SEQ ID NO:80) 


0.200 


18 


313 


SASETSEKR (SEQ ID NO: 197) 


0.200 


19 


358 


KDCERRFSR (SEQ ID NO:l 1 8) 


0.180 


20 . 


391 


KFSRSDHLK (SEQ 1DNO.I20) 


0.180 
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Table 11 

■Human WTl Peptides to Human HLA A 3302 

Subsequence Residue Listing 



Rank 



Start 
Position 



• 1 


337 


LSHLQMHSR (SEQ ID NO: 14 1) 


o 

z 


* Art 

409 


TSEKPFSCR (SEQ IDN0232) 


•> 

3 


364 


FSRSDQLKR (SEQ ID KO:83) 


4 


137 


CLESQPAIR (SEQ ID NO:47) 


5 


368 


DQLKRHQRR (SEQ ID NO:60) 


6 


287 


RIHTHGVFR (SEQ ID NO: 1 82) 


7 


210 


TGSQALLLR (SEQ IDN0.223) 


8 


425 


FARSDELVR (SEQ ID NO:75) 


9 


313 


SASETSEKR (SEQ ID N0.197) 


10 


293 


VFRGIQDVR (SEQ ID NO:238) 


11 


354 


QCDFKDCER (SEQ ID NO: 162) 


12 


100 


FTGTAGACR (SEQ ID NO:84) 


13 


118 


SQASSGQAR (SEQ ID NO:216) 


14 


325 


CA YPGCNKR (SEQ ID NO:44) 


15 


207 


DSCTGSQAL (SEQ ID NO:61) 


16 


139 


ESQPAIRNQ (SEQ lb NO:72) 


17 


299 


DVRRVPGVA (SEQ ID NO:63) 


18 


419 


PSCQKKFAR (SEQ ID NO:159) 


19 


272 


ESDNHTTPI (SEQ ID NO:7 1 ) 


20 


4 


DVRDLNALL (SEQ ID NO:62) 



Score (Estimate of Half Time of 
Disassoeiation of a Molecule 
Contain ing This Subsequence) 

15.000 

15.000 

llOOO 

9.000 

9.000 

4.500 

3.000, 

3.000 

3.000 

3.000 

3.000 

3.000 

3.000 

3.000 

1.500 

1.500 

1.500 

1.500 

1300 

1.500 
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Table 12 

- ^"MANWTlPEPnDEs TO HUMAN HLA B14 



Rank Start 



I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



362 
332 
423 
390 
439 
329 
10 
180 
301 
126 
371 
225 
144 
429 
437 
125 
239 
286 
174 
372 



Disassociafion of a Molecule 
Containing This Suhsequence) 



RRFSRSDQL (SEQ ID NO: 1 87) 
KRYFKLSHL (SEQ ID NO: 1 27) 
KKFARSDEL (SEQ ID Np:122) 
RKFSRSDHL (SEQ ID NO: 1 83) 
QRNMTKLQL (SEQ ID NO:I73) 
GCNKRYFKL (SEQ ID NO:90) 
ALLPAVPSL (SEQ ID N034) 
DPMGQQGSL (SEQ ID NO:59) 
RRVPG VAPT (SEQ IDN0.189) 
RMFPNAPYL (SEQ ID NO: 1 85) 
KRHQRRHTG (SEQ IDNO.126) 
NLYQMTSQL (SEQ ID NO.147) 
IKNQGYSTV(SEQ IDNO:l 17) 
DELVRHHNM (SEQ ID NO:53) 
MHQRNMTKL (SEQ IDNO:143) 
ARMFPNAPY (SEQ ID NO-.38) 
NQMNLGATL (SEQ ID NO: 15 1) 
YRMTHGVF (SEQ ID NO:252) 
HSFKHEDPM (SEQ ID NO. 1 10) 
RHQRRHTGV (SEQ ID NO:l 81) 



1000.000 

300.000 

150.000 

150.000 

20.000 

10.000 

10.000 

9.000 

6.000 

5.000 

5.000 

5.000 

4.000 

3.000 

3.000 

3.000 

3.000 

3.000 

3.000 

3.000 
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Table 13 

Results of BBVf AS HLA Peptide Binding Prediction Analysis for Binding of- 
Human WT1 Peptides t6 Human HLAB40 



Rank 


Start 

rOSltlOD 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing JThis Subsequence) 


lr 


81 


AEPHEEOCL fSFO m Nf«n\ 


40.000 


2 


429 


DELVRHHNM fSFiTk rrvW».«\ 


24.000 


3 


410 


^**ivrroLJ\.YY ^oJbl^ IL) N 0:207) 


20.000 


4 


318 


^cisjutmla OfcQ ID NO:208) 


15.000 


5 


233 


i-^^M i YViNQM (ohQ JD NO: 131) 


12.000 


6 


j • 


wvKULNAL (SEQ ID NO:206) 


. 10 -°oo 


7 




Ufciu'YQCDF (SEQ ID NO:91) 


• 8.000 


8 


w 


KDJLNALLPA (SEQ ID NO:l 77) 


5.000 


o 




bEQGLSAFT (SEQ ID NO:65) 


4.000 


10 




5>t I SEKKPF (SEQ ID NO:209) 


4.000 


]] 


261 


J £.uyi>NiiST (SEQ ID NO:22 1) 


4.000 


iz 




GCALPVSGA (SEQ ID NO:89) 


3.000 


13 


38 


LDFAPPGAS (SEQ tt>NO:130) 


3.000 


14 


273 


SDNHTTPIL (SEQJD NO:204) 


2.500 


15 


206 


TDSCTGSQA (SEQ ID NCh220) 


2.500 


16 


24 


CALPVSGAA (SEQIDNO:43) 


2.000 


17 


98 


GQFTGTAGA (SEQ ID NO:99) 


2.000 


18 


30 


GAAQWAPVL (SEQ ID NO:86) 


2.000 


1«> 


84 


HEEQCLSAF (SEQ ID NO.107) 


2.000 


20 


26 


LPVSGAAQW (SEQ ID NO:138) 


2.000 
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TABLE 14 



Start 



Subsequence Residue Ustin £ 



I 


81 


2 


3 


3 




4 


233 


5 


273 


6 


209 


7 


30 


X 


318 


9 


180 


10 


138 


11 


239 


12 


329 


13 


130 


14 


85 


15 


208 



16 
17 
18 
19 
20 



207 
218 
261 
18 
221 



AEPHEEQCL (SEQ ID NO:30) 
SDVRDLNAL (SEQ IDNO-206) 
DELVRHHNM (SEQJD N053) 
LECMTWNQM (SEQ ID NO: 13 1) 
SDNHTTPJL (SEQ ID NO 204). 
CTGSQALLL (SEQ ID N052) 
GAAQWAPVL (SEQ ID N086) 

SEKRPFMCA (SEQ ID Na208) 
DPMGQQGSL (SEQ ID NO:59) 

LESQPAIRN(SEQIDNO:132) 
NQMNLGATX (SEQ lDNO:151) 
GCNKRYFKL (SEQ ID NO:90) 
NAPYLPSCL (SEQIDNO.144) 
EEQCLSAFT (SEQ ID NO:65) 

SCTGSQALL(SEQ]DNO-202) 
DSGTGSQAL (SEQ ID NO:61) 
RTPYSSDNL (SEQ IDN0194) 
TEGQSNHST (SEQ ID N0221) 
LGGGGGCAL (SEQ IDNO.134) 
YSSDNLYQM (SEQ ID NO:253) 



Score (Estimate of Half Time of 
JHsassodatfon of a Molecule 
Containing This Subsequence) 

160.000 



4O.O0O 

40.000 

22M0 

20.000 

8.000 

8.000 

8.000 

8.000 

5.280 

4.400 

4.400 

4.400 

4.400 

4.000 

4.000 

4.000 

4.000 

4.000 

2.200 
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Table 15 

Human W T1 Peptides to Hunan HLA B61 



Rank 



Start 
Position 



Subsequence Residue Listing 



I 


318 


2 


429 


3 


298 


4 


81 


5 


233 


6 


6 


7 


85 


8 


261 


9 


206 


10 


295 


11 


3 


12 


250 


13 


29 


14 


315 


15 


138 


16 


244 


17 


20 


18 


440 


19 


23 


20 


191 



SEKRPFMCA (SEQ ID 1*10:208) 
DELVRHHNM (SEQ ID NO:53> 
QDVRRVPGV (SEQ ID NO: 164) 
AEPHEEQCL (SEQ ID NO30) 
LECMTWNQM (SEQ ID NO 131) 
RDLNALLPA (SEQ ID NO: 177) 
EEQCLSAFT (SEQ ID N065) 
TEGQSNHST (SEQ JD N0.22 1) 
TDSCTGSQA (SEQ ID NO:220) 
RGIQDVRRV (SEQ ID NO: 1 79) 
SDVRDLNAL (SEQ ID NO206) 
VAAGSSSSV (SEQ ID NO:236) 
SGAAQWAPV (SEQIDNO.-21 1) 
SETSEKRPF (SEQ ID NO:209) 
LESQPAIRN (SEQ 1DN0132) 
GATLKGVAA (SEQ IDNO:88) 
GGGGCALPV (SEQ ID NQ92) 
RNMTKLQLA (SEQ ID NO: 1 86) 
GCALPVSGA (SEQ ID NO:89) 
QQYSVPPPV (SEQ ID NO:171) 



Score (Estimate of Half lime of 

Disassociation of a Molecule 
Containing This Subsequence) 

20.000 

16.000 

10.000 

8.000 

8.000 

5.500 

4;000 

4.000 

2.500 

2.200 

2.000 

2.000 

2.000 

1.600 

1.200 

1.100 

1.100 

1.100 

1.100 

1.000 
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Table 16 

Results of BIMAS HIA Peptide Binding Tmi>icnmANJ^Y^iF6RBik»mG of 
Human WT1 Peptides to Human HLA B62 



KanK 


start 
Position 


Subsequence Residue Listing 


Score (Estimate ol JUalf I ime of 
Disassociation of a Molecule 
Containing Tbis Subsequence) 


i 


146 


NQGYSTVTF (SEQ ID NO:l 50) 


211-200 


2 


32 


AQWAPVLDF (SEQ IDN037) 


96.000 


.. 3 


263 


GQSNHSTGY (SEQ IDNOrl 00) 


96.000 


4 


88 


CLSAFTVHF (SEQ ID NO:48) 


96.000 


5 


17 


SLGGGGGCA (SEQIDNO:215) 


'9.600 


6 


239 


NQMNLGATL (SEQ ID NO:151) 


8.800 . 


7 


191 


QQYSVPPPV (SEQ ID NO: 171) 


8.000 


8 


98 


GQFTGTAGA (SEQ IDNO:99) 


8.000 


9 


384 


QCKTCQRKF (SEQ ID NO: 1 63) 


6.000 


10 


40 


FAPPGASAY (SEQ ID NO:74) 


4.800 


11 


227 


YQMTSQLEC (SEQ ID N0251) 


4.800 


12 


187 


SLGEQQYSV (SEQ ID NO:2 14) 


4.400 


13 


86 


EQCLSAFTV (SEQ IDNO:69) 


4.400 


14 


152 


VTFDGTPSY (SEQ. IDN0244) 


4.400 


15 


101 


TGTAGACRY (SEQ 1DNO-224) 


4.000 


16 


242 


NLGATLKGV (SEQ ID NO:146) 


4.000 


17 


92 


FTVHFSGQF (SEQ ID NO:85) 


4.000 


IS 


7 


DLNALLPAV (SEQ ID NO:58) 


4.000 


19 


123 


GQARMFPNA (SEQ ID NO:98) 


4.000 


20 


280 


ILCGAQYRI (SEQ IDNO:ll 6) 


3.120 
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Table 17 

*ESULTS OFBDMAS HLA PEFriM BIDING PREMCTION ANALYSIS FORBtNMNG 

Human WTi Peptides to Human HLA B7 



of 



IMDK 


Start Subsequence Residue Listing 
Position • 


Score (Estimate of Half Time of 

Disassociatiou of a Molecule 
Containing This Subseauenrpl 


1 




DPMGQQGSL (SEQ ID NO:59) 


740 000 


2 


'.4-'* 


DVRDLNALL (SEQ ID NO:62) 




3 


302 


RWG VAPTL (SEQ ID NO:195) 


' OA AAA 


4 


30 


GAAQWAPVL (SEQ ID NO:86) 


1 1 AAA 


5 


239 


NQMNLGATL (SEQ ID NO: 1 5 1) 


12.000 


6 


130 


NAPYLPSCL (SEQ ID NO:i44) 


12.000. 


7 


10 


ALLPAVPSL (SEQ ID U&34) 


12.000 


8 


299. 


DVRRVPGVA (SEQ ID NO:63) 


5.000 


9 


208 


SCTGSQALL (SEQ IDNO:202) 


4.000 


10 


303 


VPGVAPTLV (SEQ ID NO.-242) 


4.000 


11 


18 


LGGGGGCAL (SEQ ID NO: 134) 


4.000 


12 


218 


RTPYSSDNL (SEQ ID NO: 1 94) 


4.000 


13 


207 


DSCTGSQAL (SEQ ID NO:61) 


4.000 


14 


209 


CTGSQALLL (SEQ ID NO:52) 


4.000 


15 


329 : 


GCNKRYFKL (SEQ. ID NO:90) 


4.000 


16 


235 


CMTWNQMNL (SEQ ID NO:49) 


4.000 


17 


441 


NMTKLQLAL (SEQ ID NO:l 49) 


4.000 


IS 


126 


RMFPNAPYL (SEQ ID NO: 1 85) 


4.000 


19 


225 


NLYQMTSQL (SEQ IDNChl47) 


4.000 


20. 


143 


AIRNQGYST (SEQ ID NO:33) 


3.000 
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Table 18 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human WT1 Peptides to Human HLA B8 



T?or»Lr 

JtvaiiK 


Mart 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Containing This Subsequence)' 


1 


329 


GCNKKYFKL (SEQ ID NO:90) 


16.000 


2 


4 


DVRDLNALL (SEQ ft) NCh62) 


12.000 


3 


316 


ETSEKRPFM (SEQ ID NO:73) 


3.000 


4 


180 


DPMGQQGSL (SEQ ID NO:59) 


1.60a 


5 


208 


SCTGSQALL (SEQ IDK'O202) 


0.800 


6 


130 


tfAPYLPSCL (SEQ ID NO:144) 


0.800 


7 


244 


GATLKGVAA (SEQ ID NO:88) 


0.800 


8 


30 


GAAQWAPVL (SEQ ID NO:86) 


0.800 


9 


299 


DVRRVPGVA (SEQ ID NO.63). 


0.400 


10 


420 


SCQKKFARS (SEQ IDNOSOO) 


0.400 


11 


387 


TCQRKFSRS (SEQ ID NO:2 1 9) 


0.400 


12 


225 


NLYQMTSQL (SEQ ID NO:147) 


0.400 


13 


141 


QPAIRNQGY (SEQ IDNp:170) 


0.400 


14 


10 


ALLPAVPSL (SEQ ID N034) 


0.400 


15 


207 


DSCTGSQAL (SEQ ID NO:61) 


0.400 


16 


384 


QCKTCQRKF (SEQ ID NO: 1 63) 


0.400 


17 


136 


SCLESQPAJ (SEQ ID NO:198) 


0.300 


18 


347 


HTGEKPYQC (SEQ ID NO: 1.12) 


0J00 


19 


401 


HTRTHTGKT(SEQ IDNOrl 14) 


0.200 


20 


332 


KRYFKLSHL (SEQ lDNO:127) 


0.200 
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Table 19 



Results of BIMAS HLA Peptide Binding ^^I^cnoN Analysis for Binding of 
Human WT1 Peptides to Human HLA B 2702 



Rank 



1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 



Start 
Position 



Subsequence Residue Listing 



332 
362 
286 
125 
375 
32 

301 

439 
126 

426 

146 

144 

389 

263 

416 

191 

217 

107 

98 

239 



KRYFKLSHL (SEQ ID NO: 1 27) 
RRFSRSDQL (SEQ ID NO:187) 
YRIHTHGVF (SEQ ID NO:252) 
ARMFPNAPY (SEQ ID N038) 
RRHTGVKPF (SEQ ID NOrl 88) 
AQWAPVLDF (SEQ ID NO.37) 
RRVPGVAPt (SEQ ID NQ: 189) 
QRNMTKLQL (SEQ IDN0.173) 
RMFPNAPYL (SEQ ID NO: 1 85) 
ARSDELVRH (SEQ ID NO 39) 
NQGYSTVTF (SEQ 1DNO:150) 
IRNQGYSTV (SEQ lDNO:l 17) 
QRKFSRSDH (SEQ ID NO. 172) 
GQSNHSTGY (SEQ IDNO:100) 
CRWPSCQKK (SEQ ID NO:50) 
QQYSVPPPV (SEQ IDNO.171) 
LRTPYSSDN (SEQ ID NO: 1 40) 
CRYGPFGPP (SEQ ID NO:5 1) 
GQFTGTAGA (SEQ IDNO:99) 
NQMNLGATL (SEQ ID NO: 1 5 1) 



' Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



900:000 

900.000 

200.000 

200.000 

180.000 

100.000 

60.000 

60.000 

22.500 

20.000 

20.000 

20.000 

20.000 

20.000 

20.000 

10.000 

10.000 

10.000 

10.000 

6.000 
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Table 20 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human WT1 Peptides to Human HLA B 2705 



Kank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 

JLr IM99UUalJvli Ul A XTJllAlCvUJt. .. 

Containing This Suhseqnence) 


1 


332 


KRYFKLSHL (SEQIDNO:127) 


30000.000 


2 


362 


RRFSRSDQL (SEQ ID NO: 1 87) 


30000.000 


3 


416 


CRWPSCQKK (SEQ ID NO:50) 


10000.000 


4 


439 


QRNMTKLQL (SEQ ID NO: 1 73) 


2000.000 


5 


286 


YRJHTHGVF (SEQ ID NO:252) 


1000.000 


6 


125 


ARMFPNAPY (SEQ ID NO:38) 


1000 000 


7 


294 


FRGIQDVRR (SEQ ID NO:81) 


1000 000 


8 


432 


VRHHNMHQR (SEQ ID NO:243) 


1000 000 

J WW.V w 


9 


169 


AQFPNHSFK (SEQ ID NO 36) 


1000 000 

A V V/ \J m \f \f \7 


10 


375 


RRHTGVKPF (SEQ ID NO: 1 88) 


900.000 


11 


126 


RMFPNAPYL (SEQ ID NO:l 85) 


750.000 


12 


144 


IRNQGYSTV (SEQ ID NO:l 17) 


600.000 


13 


301 


RRVPGVAPT (SEQ ID NO: 1 89) 


600.000 


14 


32 


AQWAPVLDF (SEQ ID NO:37) 


500.000 


15 


191 


QQYSVPPPV (SEQ ID NO:l 71) 


300.000 


16 


373 


HQRRHTGVK (SEQ ID NO 1 09) 


200.000 


17 


426 


ARSDELVRH (SEQ ID N039) 


200.000 


IS 


383 


FQCKTCQRK (SEQ ID NO:80) 


200.000 


19 


239 


NQMNLGATL (SEQ ID NO 151) 


200.000 


20 


389 


QRKFSRSDH (SEQ ID NO:172) 


200.000 
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Table 21 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding < 
Human WT1 Peptides to Human HlA B 35©i 



Rank 


Start 
x osjiion 


Subsequence Residue Listing 

• 


Scare (Estimate of Half Time of 
Dissociation of a Molecule 

Containing T*K»« QiiKcMinon^ 


1 . 


278 


TPILCGAQY (SEQ ID NO:227) 




2 


141 


QPAIRNQGY (SEQ ID NO: J 70) 


Af\ AAA, 


3 


219 


TPYSSDNLY fSEO ID NO-?'*!* 


A f\ AAA 

40.000 


4 


327 


YPGCNKRYF fSFO in wno^iv. 


20.000 


5 


163 


TPSHHAAOF rf^FO in Mn-oo»\ 


20.000 


6 


180 


DPMGOOGSI f<?Ff> in Nn-<;o\ 


20.000 


7 


221 


i oouiNJL i VJJV1 VoxaJ 'J-' NO:253) 


20.000^ 


g 




LrviUAAyw (2>fcV? ID NO: 1 3 8) 


10.000 


9 


174 


nor isxixjJL/r JVi ^ofcl^ JJLI NUl 1 1 U) 


10.000 


10 


82 


FPHFFOPI Q r'ccn ir\ xirv*:o\ 


6.000 . 


]] 


213 


OAT I I PTPV /QPn Tr\ xrr\. 1 rn\ 
V^^LJUKlr 1 (oty 1L> NO: 1 60) 


6.000 


19 
1Z 


1 111 
1 19 


QASSGQARM (SEQ ID NO: 161) 


6.000 


13 


4 


DVRDLNALL (SEQ ID NO:62) 


6.000 


14 


40 


FAPPGASAY (SEQ ID NO:74) 


6.006 


15 


120 


ASSGQARMF (SEQ ID NO:40) 


5.000 


16 


207 


DSCTGSQAL (SEQ ID NO:61 ) 


5.000 


17 


303 


VPGVAPTLV (SEQ ID NO:242) 


4.000 


18 


316 


ETSEKRPFM (SEQ IDNO:73) 


4.000 


19 


152 


VTFDGTPSY (SEQ IDNO:244) 


4.000 


20 


412 


KPFSCRWPS (SEQ IDNO:123) 


4.000 
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Table 22 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human WT1 Peptides to Human HLA B 3701 



KanK 

■ V - 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
i/isassoc ia u on 01 a Molecule 
Containing This Subsequence) 


K 


3 


SDVRDLNAL (SEQ ID NG:206) 


40.000 


2 


273 


SDNHTTPIL (SEQiDNO.204) 


40.000 


3 


81 


AEPHEEQCL (SEQ ID NO:30) 


10.000 


4 


298 


QDVRRVPGV (SEQ ID NO: 164) 


8.000 


5 


428 1 - 


SDELVRHHN (SEQ ID NO.203) 


6.000 


6 


85 


EEQCLSAFT (SEQ ID NO:65) 


5 000 


7 


208 


SCTGSQALL (SEQ ID N€h202) 


S 00ft 


8 


4 


DVRDLNALL (SEQ IDNO:62) 


^ oon 


9 


209 


CTGSQALLL (SEQ IDN052) 


s 000 


10 


38 


LDFAPPGAS (SEQ ID NO: 130) 


4 000 


11 


223 




4.000 


12 


179 


EDPMGQQGS (SEQ IDNO:64) 


4.000 


13 


206 


TDSCTGSQA (SEQ ID NO:220) 


4.000 


14 


6 


RDLNALLPA (SEQ ID NO: 177) 


4.000 


15 


84 


HEEQCLSAF (SEQ IDNO.I07) 


2.000 


16 


233'- 


LECMTWNQM (SEQ ID NO: 13 1) 


2.000 


17 


429 


DELVRHHNM (SEQ ID NO:53) 


2.000 


18 


315 


SETSEKRPF (SEQ ID NO209) 


2.000 


19 


349 


GEKPYQCDF (SEQ ID NO:9 1 ) 


2.000 


20 


302 


RVPGVAPTL (SEQ ID NO: 1 95) 


1.500 
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Table 23 

Results of BEMAS HLA Peptide Binding Prewction Analysis for Binding of 
Human WTi Peptides to Human HLA B 3801 

Rank Start — — — — _ — 

Position 



Subsequence Residue Listing 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



1 


437 


MHQRNMTKL (SEOIDN0143) 


1C AAA 


2; 


434 


HHNAfflGRNM fSEO IDNOMR\ 


6,000 


3 


372 


Rhorrhtgv tseo in no t « n 


.6.000 


4 


ISO 


DPMGOOn^l f^FO m xirv-<:o\ 


4.000 


5 


433 


jNjiruNiYirii^AJN lofcl^ 1JJ NU: I ou) 


3.900 


6 


165 


orin/VAyrrw IqIsQ ID NU:213) 


3.900 


7 


202 


i-rJJ Jr JUaUJ (obQIDNO:45) 


3.000 


g 


396 


.i/hliv j w j k I (i>EQ ID NO:57) 


3.000 


9 


161 


vjji J rortrlAA (^£Q ID NO:94) 


3.000 




3U2 


RVPGVAPTL (SEQ ID NO: 195) 


2.600 


n 


417 


RWPSCQKKF (SEQ ID NO: 1 96) 


2^400 


12 


327 


YPGCNKRYF (SEQ ID NO:250) 


2.400 


13 


208 


SCTGSQALL (SEQ ID NO:202) 


2.000 


14 


163 


TPSHHAAQF (SEQ ID NO:228) 


2.000 


15 


120 


ASSGQARMF (SEQ ID NO:40) 


2.000 


16 


18 


LGGGGGCAL (SEQ IDNO:134) 


2.000 


17 


177 


KHEDPMGQQ (SEQ ID NO:121) 


1.800 


18 


83 


PHEEQCLSA (SEQ ID NO:154) 


1.800 


19 


10 


ALLPA VPSL (SEQ ID NO:34) 


1300 


20 


225 


NLYQMTSQL (SEQ ID NO: 147) 


1:300 
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Table 24 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding Of 
Human WT1 Peptides to Human HLA B 3901 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
DisassociatioD of a Molecule 
containing inis Subsequence) 


1 


437 


MHORNMT1C f ( wrv iri xirv 1 >i iv 


" * ^ & AAA 

. 135.000 


2 


332 


JTBVPflfT QH7 /Cpn irixirviTrv 
rviv i r jvxoxiJLr ^oliv^ 1JL/ InU: IZ / I 


45.000 


3 


434 


TTHXiA/fWi r YI>xrKjf /CCA ir\ "vt/S. t ad\ 

iaruwi«vji\JNJVl (oJbQ 1±> NO: 1 08) 


30.000 


4 




KKr 0K0DQJL (oEQ ID NO: 1 87) 


30:000 




IT) 


KHQRRHTG V (SEQ ID NO: 181) 


30.000 


O 


III . 


ALLPAVPSL (SEQ ID NO:34) 


9.000 


/ 


439 


QRNMTKLQL (SEQ ID NO: 173) 


7.500 


5? 
6 


ion 


RKFSRSDHL (SEQ ID NO: 1 83) 


6.000 


Q 


39o 


DHLKTHTRT (SEQ ID NO:57) 


6.000 


in 




NQMNLGATL (SEQ ID NO: 151) 


6.000 


11 


423 


KKFARSDEL (SEQ IDNO:122) 


6.000 


12 


126 


RMFPNAPYL (SEQ ID NO:l 85) 


6.000 


13 


225 


NLYQMTSQL (SEQ ID NO: 147) 


6.000 


14 


180 


DPMGQQGSL (SEQ ID NO:59) 


6.000 


15 


144 


IRNQGYSTV (SEQ IDNO.l 17) 


5.000 


16 


136 


SCLESQPA1 (SEQ ID NO: 198) 


4.000 


17 


292 


GVFRGIQDV (SEQ ID NO: 1 03) 


3.000 


18 


302 


RVPGVAPTL (SEQ ID NO:195) 


3.000 


19 


208 


SCTGSQALL (SEQ ID NO:202) 


3.000 


20 


207 


DSCTGSQAL (SEQ ID NO:61) 


3.000 
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Table 25 

Results of BIMaj> HLA Peptide Binding Prediction Analysis for Binding op 
Human WT1 Peptides to Human HLA B 3902 

Subsequence Residue Listing 



Rank 


Start 
Position 


1 


239 


2 


390 


3 


423 


4 


32 


5 


146 


6 


130 


7 


225 


8 


30 


9 


441 


10 


302 


II 


126 


12 


91K 

Z- 1 o 


13 


209 


14 


332 


15 


180 


16 


437 


17 


207 


18 


208 , : 


19 


329 ( 


20 


10 , 



NQMNLGATL (SEQ ID NO: 1 5 1 ) 
RKFSRSDHL (SEQ ID NChl 83) 
KKFARSDEL (SEQ ID NO:122) 
AQWAPVLDF (SEQ ID N037) 
NQGYSTVTF (SEQ ID NO: 1 50) 
NAPYLPSCL (SEQ ID NO.144) 
NLYQMTSQL (SEQ ID NO: 147) 
GAAQWAPVL (SEQ ID NO:86) 
NMTKLQLAL (SEQ ID NO: 149) 
RVPGVAPTL (SEQ ID NO: 1 95) 
RMFPNAPYL (SEQ ID NO: 1 85) 
RTPYSSDNL (SEQ ID NO:194) 

CTGSQALLL (SEQ ID NO:52) 
KRYFKLSHL (SEQ ID NO:127) 
DPMGQQGSL (SEQ ID NOS9) 
MHQRNMTKL (SEQ ID NO. 143) 
DSCTGSQAL (SEQ IDNO:61) 
SCTGSQALL (SEQ IDNO:202) 
GCNKRYFKL (SEQ ID NO:90) 



Score (Estimate of Half Time of 

Disassociation of a Molecule 
Containing This Subsequence) 

24.000 

20.000 

20.000 

5.000 

5.000 

2.400 

2.400 

2.400 

2.400 

2.400 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 
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Table 26 

Results ofBIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human WTl Peptides to Human HLA B 4403 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estima te of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 


1 


315 




80.000 


2 


349 




80.000 


3 




oiiDycjLoAr (5> by 11} NO: 1 07) 


60.000 


4 


/tin 


CCFDCCn>\l/' /CCA 1T*V VTA >%/V-rv 

ociU'rM^KW (SEQ ID NO:207) 


48.000 


< 


*f/y 


UliLrVKHHNM (SEQ BD NO;53) 


24.000 


O 


ZYo.. 


TPILCGAQY (SEQ ID NO:227) 


15.000 


7 


141 


QPAIRNQGY (SEQ ID NO:170) 


9.000 


Q 
<> 


A(\ 
4U 


FAPPGASAY (SEQ IDNO:74) 


9.000 


o 


213 


QALLLRTPY (SEQ ID NO: 1 60) 


9.000 


in 
1 u 


318 


SEKRPFMCA (SEQ ID NO:208) 


8.000 


11 


81 


AEPHEEQCL (SEQ ID NO30) 


8.000 


12 


152 


VTFDGTPSY (SEQ 1DN0244) 


4.500 


13 


101 


TGTAGACRY (SEQ ID NQ224) 


4.500 


14 


120 


ASSGQARMF (SEQ IDNO:40) 


4.500 


15 


261 


TEGQSNHST (SEQ ID NO:22 1 ) 


4.000 


16 


85 


EEQCLSAFT (SEQ ID N065) 


4.000 


17 


233 


LECMTWNQM (SEQ ID NO: 13 1) 


4.000 


18 


104 


AGACRYGPF (SEQ ID NO.31) 


4.000 


19 


3 


SDVRDLNAL (SEQ ID NO:206) 


3.000 


20 


185 


QGSLGEQQY (SEQ ID NO: 166) 


3.000 
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Rank 



Table 27 

Results of ^^^^ ^^J^^^^^nwng Prediction Analysis for Binding of 
Human WT1 Phptides to Human BDLAb 5101 

Subsequence Residue listing Score (Estimate of Half Time of" 

Disassociation of a Molecule 



I 

2 



10 

II 

12 

13 

14 

15 

16 

17 
18 
19 
20 



Start 
Position 



303 

180 

250 

130 

30 

20 

64 

29 

18 

295 

119 

418 
82 

110 

272 

306 

280 

219 

128 

204 



VPGVAPTLV (SEQ ID NO:242) 
DPMGQQGSL (SEQ ID NO:59) 
VAAGSSSSV (SEQ ID N0^36) 
NAPYLPSCL (SEQ ID NO: 144) 
GAAQWAPVL (SEQ ID NO:86) 
GGGGCALPV (SEQ ID NO;92) 
PPPPPHSFI (SEQ ID NO: 1 57) 
SGAAQWAPV (SEQ ID NOt21 1) 
LGGGGGCAL (SEQ ID NO: 134) 
RGIQDVRRV (SEQIDNO:179) 
QASSGQARM (SEQ IDNO:16l) 
WPSCQKKFA (SEQ 1DN0246) 
EPHEEQCLS (SEQ ID NO:68) 
GPFGPPPPS (SEQ ID NO:96) 
ESDNHTTPI (SEQIDNO:71) 
VAPTLVRSA (SEQ ID N0237) 
1LCGAQYRJ (SEQIDNO:116) 
TPYSSDNLY (SEQ ID NO:23 1) 
FPNAPYLPS (SEQ ID NO:79) 
TPTDSCTGS (SEQ ID NO:230) 



Containing This Subsequence) 



314.600 

242.000 

157.300 

50.000 

50.000 

44.000 

40.000 

40.000 

31.460 

22.000 

18.150 

12.100 

12.100 

11.000 

8.000 

7.150 

6.921; 

6.600 
6.500 
6.050 
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Table 28 

Results of^ 

Human Wil Peptides to Human HLA B 5102 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containin? This Snbseauencel 


1 


295 


RGIODVRRV fSEO ID NO 1 79V 


7Q0 400 


2 


303 


VPGVAPTLV fSEO ID N0242S 


. Ann 


3 


1X0 


DPMrjonn^i fwri in "nwv^ov 


lJJ.JUU 


4 




V A/iuoood V ^oJDl^ JUL* INW.ZjO ) 


1 1 A AAA 




JV- 


uAAv^WArVL 1>>-W< lD_.NO:oo) 


■ - ■ 55;000 




11A ■* 


A r Y JL*r bCJL (obi/ ID NU: J 44} 


50.000 


f 




OuOOCALPV (SJbQ IDNO:92) 


44.000 


Q 

o 


oft 


SGA AQWAPV (SEQ ID NO:2 11) 


44.000 


c% 

y 


64 


PPPPPHSFI (SEQ ID NO: 157) 


40.000 


i a 
J u 


no 


^AoI>vjVJAKM (^bQ ID NO; 1 61) 


36.300 


i i 


1 1 A 


OrrOrrrrS> (5>bQ ID NO:96) 


27.500 


12 


412 




AAA 


13 


18 


LGGGGGCAL (SEQ ID NO: 134) 


24.200 


14 


24 


CALPVSGAA (SEQ IDNO.43) 


16.500 


15 


219 


TPYSSDNLY (SEQ ID NCh23 1 ) 


15.000 


16 


292 


G VFRGIQDV (SEQ ID NO: 1 03) 


- - 14.641 


17 


136 


SCLESQPAI (SEQ ID NO:198) 


14.520 


18 


418 


WPSCQKKFA (SEQ ID NO:246) 


12.100 


19 


269 


TGYESDNHT (SEQ ID NO.225) 


11.000 


20 


351 


KPYQCDFKD (SEQ ID NO: 124) 


11.000 
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Table 29 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
. • :, . - Human WTJ Peftides to Human HLA B 5201 



Rank 



Start 
Position 



Subsequence Residue Listing 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



1 

2 
3 

: 4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



191 

• ; 32H 
243 
303 
86 
295 
98: 
292 
29 
146 
20 

239 
64 

273 

286 

269 

406 

327 
7 

104 



QQYSVPPPV (SEQ ID NOtl71) 
AQWAPVLDF (SEQ ID NO£37) 
LGATLKGVA (SEQ ID Nai33) 
VPGVAPTLV (SEQ ID NO:242) 
EQCLSAFTV (SEQ IDNO:69) 
RG1QDVRRV (SEQ ID NO:179) 
GQFTGTAGA (SEQ ID Na99) 
GVFRGIQDV (SEQ IDNO:I03) 
SGAAQWAPV (SEQIDNO:2U) 
NQGYSTVTF (SEQ ID NO:150) 
GGGGCALPV (SEQ ID ND.92) 
NQMNLGATL (SEQ ID NO: 15 1 ) 
PPPPPHSFI (SEQ ID NO: 1 57) 
SDNHTTPIL (SEQ ID NO:204) 
YRIHTHGVF (SEQ lDNO:252) 
TGYESDNHT (SEQ IDNO:225) 
TGKTSEKPF (SEQ ID NO:222) 
YPGCNKRYF (SEQ ID NO:250) 
DLNALLPAV (SEQ ID NO-.58) 
AGACRYGPF (SEQ 1DN031) 



100.000 
i 30.000 
16.500 
13.500 
12.000 
10.000 
825a 
8250 
6.000 
5.500 

5.000 

4.000 

3.600 

3.300 

3.000 

3.000 

2.750 

2.750 

2.640 

2.500 
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- :- .. Table 30 

Results of BIMAS HLA Peptide Binding Prediction analysis for Binding of 
■ Human WTl Peptides to Human HLA B 5801 

Rank Start Subsequence Residue listing Score (Estimate of Half Time of ~ 

Position Disassoeiation of a Molecule 

; ■■"■ v -" ' - - . Containing This Subsequence) 

1 230 TSQLECMTW (SEQ IDNO:234) 96.800 

2 92 FTVHFSGQF(SEQIDNO:85) 60.000 

3 120 ASSGQARMF (SEQ ID NO:40) 40.000 

4 168 AAQFPNHSF (SEQ ID NO:29) 20.000 

5 408 KTSEKPFSC(SEQfl)NO:129> 12.000 

6 394 RSDHLKTHT (SEQ ID NO: 192) 9.90b 

7 276 HTFPILCGA (SEQ ID NO: 1 15) 7.200 

8 218 RTPYSSDNL(SEQIDNO:I94) 6.600 

9 152 VlFDGTPSY(SEQIDNO:244) 6.000 

10 40 FAPPGASAY(SEQIDNO:74) 6.000 
U 213 QALLLRTPY (SEQ ID NO: 1 60) 4.500 

12 347 HTGEKPYQC (SEQ ID NO:l 12) 4.400 

13 252 AGSSSSVKW(SEQIDNO:32) 4.4OO 

14 211 GSQALLLRT (SEQ ID NO: 1 02) 4356? 

15 174 HSFKHEDPM (SEQ ID NO: 1 1 0) 4.000 

16 317 TSEKRPFMC(SEQIDNO:233) 4.000 

17 26 LPVSGAAQW(SEQIDNO:I38) 4.000 

18 289 HTHGVFRGI (SEQ ID NO.1 13) 3.600 

19 222 SSDNLYQMr(SEQIDNO:217) 3300 

20 . 96 FSGQFTGTA (SEQ ID NO:82) 3300 
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Table 31 

Human WT1 Peptides to Human HLA CW0301 



Rank 



Start 
Position 



uence Residue Listing 



1 


10 


2 


332 


3 


•\L • 'J 

126 


4 


; 3 


5 


239 


6 


225 


7 


180 


8 


362 


9 


329 


10 


286 


11 


301 


12 


24 


13 


136 


14 


437 


15 


390 


16 


423 


17 


92 


18 


429 


19 


130 


20 


30 



ALLPAVPSL (SEQ ID NCh34) 
KRYFKLSHL (SEQ IDNO:127) 
RMFPNAPYL (SEQ ID NO:185) 
SDVRDLNAL (SEQ ID NO206) 
NQMNLGATL (SEQ ID NO: 151) 
NLYQMTSQL (SEQ ID NO: 147) 
DPMGQQGSL (SEQ ID NO:59) 
RRFSRSDQL (SEQ IDNO:187) 
GCNKRYFKL (SEQ ID NO:90) 
YR1HTHGVF (SEQ ID NQ:252) 
RRVPGVAPT (SEQ ID NO: 1 89) 
CALPVSGAA (SEQ IDNO:43) 
SCLESQPAI (SEQ ID NO: 1 98) 
MHQRNMTKL (SEQ IDNO:143) 
RKFSRSDHL (SEQ ID NO: 183) 
KKFARSDEL (SEQ ID NO: 1 22) 
FTVHFSGQF (SEQ ID NO:85) 
DELVRHHNM (SEQ IDNO.53) 
NAPYLPSCL (SEQ ID NO: 144) 
GAAQWAPVL (SEQ ID NO:86) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



100.000 

48.000 

36.000 

30.000 

24.000 

24.000 
.. 20.000 

12.000 

10.000 

10.000 

10.000 

10.000 

7.500 

7^00 

6.000 

6.000 

5.000 

5.000 

4.800 

4.000 
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Table 32 

Results ofBIMAS HLA PEPTibi Binding iPRti)icnoN Analysis forIBinding of 
Human WT1 Peptides to Human HLACW0401 

Rank Start Subsequence Residue listing Score (Estimate of Half Time of 
Position IHsassociation of a Molecule 

Containing This Subsequence) 





J JO 


Dr jsJXJsKKJ* (ofcy ID NO:55) 


120-000 


2 


334 


YFKLSHLQM (SEQ ID NO:248) 


100.000 


3 


180 


DPMGQQGSL (SEQ ID NO:59) 


88.000 


4 


163 


TPSHHAAQF (SEQ ID NO.228) 


52.800 


5 


327 


YPGCNKRYF (SEQ ID NO:250) 


' 40.000 


6 


285 


QYRIHTHGV (SEQ ID NO:175) 


27.500 


7 


424 


KFARSDELV (SEQ ID NO: 1 19) 


25.000 


8 


326 


AYPGCNKRY (SEQ ID NO.42) 


25.000 


9 


192 


QYSVPPPVY (SEQIDNO:176) 


25.000 


10 


417 


RWPSCQKKF (SEQ ID NO: 196) 


22.000 


11 


278 


TPILCGAQY (SEQ ID NO:227) 


12.000 


12 


10 


ALLPAVPSL (SEQ ID NO:34) 


11.616 


13 


141 


QPA1RNQGY (SEQ ID NO: 1 70) 


11.000 


14 


303 


VPGVAPTLV (SEQlDNO:242) 


11.000 


15 


219 


TPYSSDNLY (SEQ ID N0:23 1) 


10.000 


16 


39 


DFAPPGASA~(SEQ *DNO:54) 


7.920 


17 


99 


QFTGTAGAC (SEQ ID NO: 1 65) 


6.000 


18 


4 


DVRDLNALL (SEQ ID NO:62) 


5.760 


19 


70 


SFIKQEPSW (SEQ 1DNO.210) 


5.500 


20 


63 


PPPPPPHSF (SEQ ID NO: 158) 


5.280 
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Table 33 

Results ofBIMAS HLA J^jtide Binping Prediction Analysis for Binding of 
Human WT1 Peptides to Human HLA CW0602 

Rank Start Subsequence Residue Listing ~ ~ ~~ ~ " 

Position 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



1 


332 


KRYFKLSHL (SEQ ID NO: 127) 


9.680 




239 


NQMNLGATL (SEQ ID NO: 151) 


6.600 


3 


130 


NAPYLPSCL (SEQ ID NO:144) 


6.600 


4 


7 


DLNALLPAV (SEQ ID NO:58) 


6.000 


5 


441 


NMTKLQLAL (SEQ ID NO: 149) 


6.000 


6 


225 


NLYQMTSQL (SEQ ID NO: 147) 


6.000 


7 


4 


DVKDLNALL (SEQ ID NO:62) 


6.000 


8 


3 


SDVRDLNAL (SEQ ID NO^06) 


4.400 


9 


10 


ALLPAVPSL (SEQ ID NO 34) 


4.000 


10 


213 


QALLLRTPY (SEQ ID NO: 1 60) 


3.300 


11 


319 


EKRPFMCA Y (SEQ ID NO:67) 


3.000 


12 


30 


GAAQWAPVL (SEQ ID NO:86) 


2.200 


13 


242 


NLGATLKGV (SEQ ID NO.146) 


2.200 


14 


292 


GVFRGIQDV (SEQ ID NO: 103) 


2.200 


15 


207 


DSCTGSQAL (SEQ ID NO:61) 


2.200 


16 


362 


RRFSRSDQL (SEQ ID NO: 1 87) 


2.200 


17 


439 


QRNMTKLQL (SEQ ID NO: 1 73) 


2.200 


18 


295 


RGIQDVRRV (SEQ ID NO: 1 79) 


2.200 


19 


423 


KKFARSDEL (SEQ ID NO: 122) 


2.200 


20 


180 


DPMGQQGSL (SEQ IDNO:59) 


2.200 
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MISSING AT THE TIME OF PUBLICATION 
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Table 35 



Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding o* 
Human WT1 Peptides to Mouse MHC ^ 

Rank Start ' 
Position 



Subsequence Residue Listing 



Score (Estimate of Half Time of 
Disassbciation of a Molecule 
Containing This Subsequence) 



1 


235 




5255.712 


2 


126 


i\JYirri>i/\r YL ID NO: 1 85) 


,1990.800 


3 


221 


i ooi/WL Y vJM (S£Q ID NO:253) 


930.000 


4 


99 r 


QMTSQLEGM (SEQ ID NO: 169) 


33.701 




910 


NQMNLGATL (SEQ ID NO: 151) 


21.470 


0 


AA 1 

441 


NMTKLQLAL (SEQ ID NO: 149) 


19.908 


/ 


437 


MHQRNMTKL (SEQ ID NO: 143) 


19.837 


o 
o 


136 


SCLESQPAI (SEQ ID NO: 198) 


,11.177 


o 


174 


HSFKHEDPM (SEQ ID NO:l 10) 


10.800 


1 A 
JO 


302 


R VPG VAPTL (SEQ ID NO: 1 95) 


10.088 


11 


130 


NAPYLPSCL (SEQ ID NO:144) 


8.400 


12 


10 


ALLPAVPSL (SEQ ID N034) 


5.988 


13 


208 


SCTGSQALL (SEQ ID NO202) 


4.435 


14 


209 


CTGSQALLL (SEQ ID NO:52) 


3.548 


15 


238 


WNQMNLGAT (SEQ ID NO:245) 


3300 


16 


218 


RTPYSSDNL (SEQ ID NO: 1 94) 


3.185 


•7 


24 


CALPVSGAA (SEQ ID NO:43) 


2.851 


18 


18 


LGGGGGCAL (SEQ ID NO: 1 34) 


2.177 


19 


142 


PAIRNQGYS (SEQ ID NO:152) 


2.160 


20 


30 


GAAQWAPVL (SEQ ID NO:86) 


1.680 
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Table 36 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human WT1 Peptides to Mouse MHC Class I Pd 



Bank 


"Start 
Position 


Subsequence Residue Listing 


Score fEstimate of Half Timp of 
Disassociation of a Molecule 
Containing This Subsequence) 


1 


112 


FGPPPPSQA (SEQ IDNO:76) 


48.000 


2 


122 


SGQARMFPN (SEQ lDNO:212) 


36.000" 


3 


104 


AGACRYGPF (SEQ ID NOS 1) 


30.000 


4 


218 


RTPYSSDNL (SEQ IDNO:194) 


28.800 


5 


130 


WtPYLPSCL (SEQ ID NO:144) 


' 7 20.000 


6 


302 


RVPGVAPTL (SEQ IDNO:195) 


20.000 


7 


18 


LGGGGGCAL (SEQ ID NO: 1 34) 


20.000 


8 


81 


AEPHEEQCL (SEQ ID NO JO) 


10.000 


9 


29 


SGAAQWAPV (SEQ ID NO:21 1) 


7.200 


10 


423 


KKFARSDEL (SEQ ID NO: 122) 


7.200 


11 


295 


RGIQDVRRV (SEQ ID NO: 1 79) 


7.200 


12 


390 


RKFSRSDHL (SEQ IDNO:183) 


6.000 


13 


332 


KRYFKLSHL (SEQ IDNO.127) 


6.000 


14 


362 


RRFSRSDQL (SEQ ID NO: 1 87) 


6.000 


15 


417 


RWPSCQKKF (SEQ IDNO:196) 


6.000 


16 


160 


YGHTPSHHA (SEQ lDNO:249) 


6.000 


17 


20 


GGGGCALPV (SEQ ID NO:92) 


6.000 


18 


329 


GCNKRYFKL (SEQ ID NO:90) 


5.000 


19 


372 


RHQRRHTGV (SEQ ID NO:l 81) 


4.500 


20 


52 


GGPAPPPAP (SEQ 1DN0:93) 


4.000 
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Table37 

Results of BIMAS HLA Peptide Binding P^dictk>n Analysi 



is for Binding of 



Rank 


Start 
Position 


Subsequence Residue listing 


ocore (Estimate of Half Time of 

Disassociation of a Molecule 
Containing This Subsequence) 


* * 

i 


329 


GCNKRYfXL (SEQ ID NG-^0) 


24.000 


2 


225 


NlYQMTSQL (SEQ ID NO; 147) 


10.000 


3 


420 


SCQKKFARS (SEQ ID NO:200) 


3.960 


4 


218 


RTPYSSDNL (SEQ ID NO: 1 94) 


3.630 


5- 


437 


MHQRNMTKL (SEQ ID NO:143) 


3.600 


6 


387 


. TCQRKFSRS (SEQ IDNO:219) 


3.600 


7 


302 


RVPGVAPTL (SEQ ID NO 195) 


3.300 


8 


130 


NAPYLPSCL (SEQ ID NO: 144) 


3.000 


9 


289 


HTHGVFRGI (SEQ ID NO: 1 13) 


3.000 


10 


43 


PGASAYGSL (SEQ ID NO: 153) 


2.400 


11 - 


155 


DGTPSYGHT (SEQ ID NO:56) 


2.400 


12 


273 


SDNHTTPIL (SEQ ID NO:204) 


2:200 


13 


126 


RMFPNAPYL (SEQ ID NQ: 1 85) 


2.200 


14 


128 


FPNAPYLPS (SEQ ID NO:79) 


2.000 


15 


3 


SDVRDLNAL (SEQ ID NO:206) 


1.584 


16 


207 


DSCTGSQAL (SEQ ID NO:61 ) 


1.584 


17 


332 


KRYFKLSHL (SEQ ID NO:127) 


1.500 


18 


18 


LGGGGGCAL (SEQ ID NO: 134) 


1.320 


19 


233 


LECMTWNQM (SEQ ID NO. 13 1) 


1.320 


20 


441 


NMTKLQLAL (SEQ ID NO: 1 49) 


1.200 



WOOJ/62920 



PCT/USOi/05702 



Table 38 

Results ofBIMAS HLA Peptide Binding Prediction Analysis forBinding 
Human WT1 Peptides to Mouse MHC Class I Kd 



Rank 


Start 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 
Contain] ni* This Sn kcpnnpn/va\ 


I 


285 


QYKIHTHGV (SEQ ID NO 175) 


<AA AAA 


2 


424 


KFARSDELV (SEO JD NO : 1 19V 


ot>Q AAA 


3 


334 


YFKLSHLOM fSEO IDNO?4IT> 


1 20.000 


4 


136 


SCLESOPn f sfo rn no 1 oo\ 


ll 5.200 


5 


239 




1 15.200 


6 


10 

<j,... 


ATT PAV<i<tf /'QPf* ITS xjn.?<\ 


1 15.200 


7 


47 


/\ i vJOJLrVJ\jr/\ v^J^v NU:4I) 


86.400 


8 


180 


j-/riYivjv^v^OoJL JoJbQ il> NO: 59) 


80.000 


9 


270 


vj i xsouiNJtt I A (o.bQ ID NO: 1 05) 


72.000 


10 


326 


/v i r ocjnjvk i (o.bQ 11/ NO:42) 


60.000 


1 1 




QYSVPPPVY (SEQ ID NO: J 76) 


60.000 


12 


272 


ESDNHTAPI (SEQ ID NO:70) 


57.600 


13 


289 


HTHGVFRGI (SEQ IDNOrl 13) 


57.600 


14 


126 


DVRDLNALL (SEQ ID NO:62) 


57.600 


15 


4 


CTGSQALLL (SEQ ID NO:52) 


57.600 


16 


208 


SCTGSQALL (SEQ ID NO:202) 


48.000 


17 


441 


NMTKLQLAL (SEQ ID NO:149) 


48.000 


18 


207 


DSCTGSQAL (SEQ IDNO:61> 


48.000 


19 


130 


NAPYLPSCL (SEQ ID NO: 144) 


48.000 


20 


235 


CMTWNQMNL (SEQ ID NO:49) 


48.000 



WO 01/625>20 



PCT/US01/D5702 



134 



Table 39 

H uman WT1 Peptides to Mou se MHC ClassIKk 
Subsequence Residue listing 



Start 
Position 



1 


81 


2 


* 5 


3 


429 


4 


315 


5 


261 


6 


410 


7 


272 


8 


318 


9 


138 


10 


233 


1) 


298 


12 


84 


13 


349 


14 


289 


15 


179 


16 


136 


17 


280 


18 


273 


19 


428 


20 


3 



AEPHEEQCL (SEQ ID NO.30) 
EEQCLSAFT (SEQ ID NO:65) 
DELVRHHNM (SEQ ID NO:53) 
SETSEKRPF (SEQ ID NO209) 
TEGQSNHST (SEQ ID NO:22 1 ) 
SEKPFSCRW (SEQ ID NO:207) 
ESDNHTTPI (SEQ IDNO:71) 
SEKRPFMCA (SEQ ID NO:208) 
LESQPAIRN (SEQ ID NO: 132) 
LECMTWNQM (SEQ ID NO: 1 3 1) 
QDVRKVPGV (SEQ ID N0.164) 
HEEQCLSAF (SEQ ID NO: 107) 
GEKPYQCDF (SEQ ID NO.91) 
HTHGVFRGI (SEQ ID NO:l 13) 
EDPMGQQGS (SEQ ID NO:64) 
SCLESQPAI (SEQ ID NO: 198) 
ILCGAQYRI (SEQ ID NO:l 16) 
SDNHTTPIL (SEQ ID NO:204) 
SDELVRHHN (SEQ ID NO:203) 
SDVRDLNAL (SEQ ID NO:206) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 

40.000 

40.000 

20.000 

20.000 

20.000 

10.000 

10.000 

10.000 

10,000 

10.000 

10.000 

10.000 

10.000 

10.000 

8.000 

5.000 

5^000 

4.000 

4.000 

4.000 
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Table 40 



Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human WT1 Peptides to Mouse MHC Class I Ld 



Rank 


Start 
Position 


Subsequence Residue listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 


i 


*w ... 


TPSHHAAQF (SEQ IDNO:228) 


360.000 


z 


327 J 


YPGGNKRYF (SEQ ID NO:250) \ 


300.000 


3 


180 


DPMGQQGSL (SEQ ID NO:59) 


150.000 


4 


26 


LPVSGAAQW (SEQ ID NO:138) 


93.600 


-5 . 


- 27Jfci. , 


TPILCGAQY (SEQ ID NO:227) 


. 72.000 . 


6 ' 


141 


QPAIRNQGY (SEQ ID NO:170) 


60.000 


7 


21? 


TPYSSDNLY (SEQ ID NO:23 1) 


60.000 


8 


303 


VPGVAPTLV (SEQ IDN0242) 


60.000 


9 


120 


ASSGQARMF (SEQ ID NO:40) 


50.000 


10 


63 


PPPPPPHSF (SEQ ID NO.158) 


45.000 


2] 


113 


GPPPPSQAS (SEQ ID NO:97) 


45.000 


12 


157 


TPSYGHTPS (SEQ ID NO:229) 


39.000 


13 


207 


DSCTGSQAL ($EQ ID NO:61) 


32.500 


14 


110 


GPFGPPPPS (SEQ ID NO:96) 


30.000 


15 


82 


EPHEEQCLS (SEQ ID NO:68) 


30.000 


16 


412 


XPFSCRWPS (SEQ ID NQ:123) 


30.000 


17 


418 


WPSCQKKFA (SEQ ID NO:246) 


30.000 


IS 


221 


YSSDNLYQM (SEQ IDN0253) 


30.000 


19 


204 


TPTDSCTGS (SEQ ID NO:230) 


30.000 


20 


128 


FPNAPYLPS (SEQ ID NO:79) 


30.000 
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Table 41 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding 
HuMANWii Peptides to Cattle HLA A20 



Kank 


Start 
Position 


Subseqnence Residue Listing 


Score (Estimate of Half Time of 
Uisassociafion of a Molecule 
Containing This Subsequence) 


1 


. 350 


EKPYQCDFK (SEQ ID NO:66) 


1 000 00 


2 


319 


EKRPFMCAY (SEQ ID NO/.67) 


500 000 


3 


423 


KKFARSDEL (SEQ ID NO: 122) 


^ftA AAA 


4 


345 


RKHTGEKPY (SEQ ID NO: 1 84) 


CAA AAA 


5 


390 


RKFSRSDHL (SEQ ID NO- 1 83> 


CAA AAA 


6 


137 


CLESQPAIR (SEO ID Nd ; 4Ti 


1 OA AAA 

120.000 


7 


380 


VKPFQCKTC (SEO ID N(>239> 


1 AA AAA 

100.000 


8 


407 


GKTSEKPFS fSEO ID NO 9s\ 


100.000 


9 


335 


FKLSHLOMH fSEO ID NO-7Jn 


100.000. 


10 


247 


LKGVAAGSS fSEO ID NO- 


1 A/\ A/\/\ 

J 00.000 


11 


370 


LKRHQRRHTfSEO ID NO- 136* 


100.000 


12 


258 




100.000 


13 


398 


LKTHTRTHT (SEQ ID NO: 1 3 7) 


100.000 


14 


331 


NKRYFKLSH (SEQ ID NO:145) 


100.000 


15 


357 


FKDCERRFS (SEQ ID NO:77) 


100.000 


16 


385 


CKTCQRKFS (SEQ ID NO. 4 6) 


100.000 


17 


294 


FRGIQDVRR (SEQ ID NO:81) 


80.000 


18 


368 


DQLKRHQRR (SEQ ID NO:60) 


80.000 


19 


432 


VRHHNMHQR (SEQ ID NO:243) 


80.000 


20 


118 


SQASSGQAR (SEQ ID N0:2 1 6) 


80.000 
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Table 42 

jfei^TS opBIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Mouse WT1 Peptides to Mouse MHC Class I A_0201 



Iv4ilK 


■Man 
Position 

. ....... . 


ooDseqnence Residue Listing 

: ^ • . • . . 


Score (Estimate of Half Time of 

Disassocia tion of a Molemlp 
Containing This Subsequence) 


h 


126 


RMFPNAPYL (SEQ IDN0293) 


313.968 


2 


187 


SLGEQQYSV (SEQ IDN0299) 


285.163 


3 


10 


ALLPAVSSL (SEQ ID NO:255) 


181. 794 


4 


225 


NLYQMTSQL (SEQ ID NO:284) 


68.360 


5 


292 


GWRGIQDV (SEQ ID NO270) 


51.790 


6 


93 


TLHFSGQFT (SEQ IDNO302) 


40.986 


7 


191 


QQYSVPPPV (SEQ ID NO:290) 


22.566 


8 


280 


1LCGAQYRJ (SEQ ID NO:274) 


17.736 


9 


441 


NMTKLHVAL (SEQ ID NO:285) 


15.428 


10 


235 


CMTWNQMNL (SEQ IDNO:258) 


15.428 


11 


7 


DLNALLPAV (SEO ID N026n 


1 1 oo» 
1 1 .y y© 


12 


242 


NLGATLKGM (SEQIDNO:283) 


11.426 


13 


227 


YQMTSQLEC (SEQ ID NO307) 


8.573 


14 


239 


NQMNLGATL (SEQ ID NO:286) 


8.014 


15 


309 


TLVRSASBT (SEQ ID NO--303) 


7.452 


16 


408 


KTSEKPFSC (SEQ IDN0277) 


5.743 


17 


340 


LQMHSRKHT (SEQ ID NO280) 


4.752 


18 


228 


QMTSQLECM (SEQ ID Na289) 


. 4.044 


19 


37 


VLDFAPPGA (SEQ ID NO304) 


3378 


20 


302 


RVSGVAPTL (SEQ ID NO:295) 


1.869 
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Table 43 

Mouse WT1J>eptii>estoMouseMHC ClassIDb 



Rank 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 
18 
19 
20 



Start 
Position 



Subsequence Residue Listing 



221 
126 
235 
437 
238 
130 
3 

136 

81 

10 
218 
441 
228 
174 
242 
261 
225 
207 
119 
18 



YSSDNLYQM (SEQ ID NO:308) 
RMFPNAPYL (SEQIDNO:293) 
CMTWNQMNL (SEQ ID NO-258) 
MHQRNMTKL (SEQ JD-N02M) 
WNQMNLGAT (SEQ ID NO:305) 
NAPYLPSCL (SEQIDNO-282) 
SDVRDLNAL (SEQ lDNQi298) 
SCLESQPTI (SEQ IDNO:296) 
AEPHEEQCL (SEQ IDNO:254) 
ALLPAVSSL (SEQ ID NO:255) 
RTPYSSDNL (SEQ ID NO:294) 
NMTKLHVAL (SEQ ID NO:285) 
QMTSQLECM (SEQ ID NO:289> 
HSFKHEDPM (SEQ ID NO:272) 
NLGATLRGM (SEQ ID NO:283) 
TEGQSNHGI (SEQ ID NO.301) 
NLYQMTSQL (SEQ ID NO:284) 
DSCTGSQAL(SEQIDNO:263) 
QASSGQARM (SEQIDNO-288) 
LGGGGGCGL (SEQ ID NO:279) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



312.QP0 

260.000 

260.000 

200.000 

J2.000 

8.580 

7.920 

7.920 

6.600 

6.600 

6.000 

3.432. 

3.120 

3.120 

2.640 

2.640 

2.640 

2.600 

2.600 

2.600 
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Table 44 

Results ofBIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Mouse WT1 Peptides to Mouse MHC Class I Kb 



Rank 


Start 

Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 
Con taining This SnbseanenceY 




329 


GCNKRYFKL (SEQ ID NO:268) 


24.000 


2 


225 


NLYQMTSQL (SEQ ID NO:284) 


10000 


3 


420 


SCQKKFARS (SEQ ID NO:297) 


3.960 


4 


218 


RTPYSSDNL (SEQIDNO:294) 


3 630 


5 


437 


MHQRNMTKL (SEQ ID N0281) 




6 


387 


TGORKFSRS {SEOiDNCh36D^ 


1 £AA 


7 


289 


HTHGVERGI (SEQ ID NO;273) 


^ AAA. 


8 


130 


NAPYLPSCL fSEO Jt> NO-2R2^ 


1 AAA 


9 


43 


PGASAYGSL (SEQJD NO:287) 




10 


155 


DGAPSYGHT (SEQ ID NO:260) 




1] 


126 




2.20Q 


12 


128 


FPNAPYLPS (SEQ ID N0267) 


ZOOO 


13 


207 


DSCTGSQAL (SEQ ID NO:263) 


1.584 


14 


3 


SDVRDL^AL (SEQ ID NO:298) 


1,584 


15 


332 


KRYFKLSHL (SEQ ID NO:276) 


1.500 


16 


233 


LECMTWNQM (SEQ ID NO:278) 


1320 


17 


18 


LGGGGGCGL (SEQ ID NO:279) 


1320 


18 


242 


NLGATLKGM (SEQ ID NO:283) 


1.200 


19 


123 


GQARMFPN (SEQ ID NO:269)A 


1200 


20 


441 


NMTKLHVAL (SEQ ID NO:285) 


1200 
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Table 45 

Mouse WT1 P eptides to Momse MHC Glass I Kp 

Rank 



1 

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 

15 

16 

17 

18 

19 

20 



Start Subsequence Residue Listing 



Position 



285 
424 
334 
136 
239 
10 
47 
180 
270 
192 
326 
289 
4 

126 
209 

86 
302 
218 
272 
225 



QYRIHTHGV (SEQ H>NO:291) 
KFARSDELV (SEQ ID NO:275) 
YFKLSHLQM (SEQ ID NO306) 
SCLESQPTI (SEQ ID N0296) 
NQMNLGATL (SEQ ID NO:286) 
ALLPAVSSL (SEQ JD NO:255) 
AYGSLGGPA (SEQ ID NO:256) . 
DPMGQQGSL (SEQ ID NO:262) 
GYESDNHTA (SEQ ID NO:271) 
QYSVPPPVY (SEQ ID NO:292) 
AYPGCNKRY (SEQ ID NO:257) 
HTHGVFRGI (SEQ ID NO:273) 
DVRDLNALL (SEQ ID NO:264) 
RMFPNAPYL (SEQ IDNO:293) 
CTGSQALLL (SEQ ID NO.-259) 
EQCLSAFTL (SEQ ID NO:265) 
RVSGVAPTL (SEQ ID NO:295) 
RTPYSSDNL (SEQ ID NO:294) 
ESDNHTAPI (SEQ ID NO:266) 
NLYQMTSQL (SEQ ID NO:284) 



Score (Estimate of Half Ti me of 
Disassociation of a Molecule 
Containin g This Subsequence) 

600.000 

288.000 

120.000 

115.200 

115.200 

115.200 

86.400 

80.000 

72.000 

60.000 

60.000 

57.600 
57.600 
57.600 
48.000 
48.000 
48.000 
48.000 
48.000 
48.000 
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Table 46 



Results op TSITES Pepto>e Binding Prediction Analysis for HvMan WTl 
Peptides Capable ofEuciting a Helper t Cell Response 



Peptide 



p6-23 

P 30-3S 

p45-56 

p9M05 

pi 17-139 

pl67^1 

p202-23j. 

p244-262 

p287-318 

p333-336 

p361-374 

p389-410 

P42I-441 



Sequence 



RDLNALLPAVPSLGGGG (SEQ IDNO:l) 
GAAQWA (SEQ IDNO:309) 
ASAYGSlXK5PAP(SEQII>Np:3id) 
AFTVHFSGQFTGTAG (SEQ ID NO:3 1 1) 
PSQASSGQARMFPNAPYLPSCLE (SEQ ID NO:2) 
HAAQF (SEQ ID*JO:3 12) 



NO:4) 



IDN0313) 



(SEQlDNO:314) 
RYFK(SEQIDNO:315) 
ERRFSRSDQLKRHQ (SEQ ID NO:3 16) 
QRKFSRSDHLKTIITRTIITGKTS (SEQ ID NO J 17) 



Certain CTL peptides (shown in Table 47) were selected for further study. For each 
peptide in Table 47, scores obtained using BIMAS HLA peptide binding prediction analysis 
are provided. 
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p225-233 

p235-243 
pl26-134 

P221-229 

p228-236 
P239-247 
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Table 47 

WF1 PEihripE Sequences and HLA Peptipe Binding Prepictions 

Peptide 7~ — — '-^ '■ 

Sw,Dcnce Comment, 



GCNKRYFKL (SEQ ID NO.90 and SEQ ID NO:268) Scorn 24 000 
NLYQMTSQL (SEQ ID NO: 147 and SEQ ID NO:284) binds also to class II 

and HLA A2,Kd, score 
10,000 

CMTWNQMNL (SEQ ID NO:49 and SEQ ID NO:258) binds also to HLA A2, 

score 5,255,712 

RMFPNAPYL (SEQIDNO:,85andSEQIDN0^93) binds also to Kd, class 



YSSDNLYQM (SEQ ID N0253. and SEQ ID NO308) 

QMTSQLECM (SEQ ID NO: 1 69 and SEQ ID NO:289) 
NQMNLGATL (SEQ ID NO.151 and SEQ ID NO:286) 



mouse pl36-144 SCLESQPTI (SEQ1DNO.-296) 



human p!36-144 
mouse pi 0-1 8 



SCLESQPAI (SEQ IDNO:198) 
ALLPAVSSL (SEQ IDN0555) 



human plQ-18 ALLPAVPSL (SEQ ID NO:34) 



II and HLA A2, score 
1,990,800 

binds also to Ld, score 
312,000 

score 3,120 

binds also to HLA A- 
0201, Kd, score 8,01 5 

binds also to Kd, 
1 mismatch to human 

score 7,920 

binds also to Kd, HLA 
A2, 1 mismatch to 
human 

score 6,600 



Peptide binding to C57B1/6 murine MHG was confirmed using the leukemia cell line 
KMA-S, (Ljunggren et al, 1990). In brief RMA-S cells were cultured for 7 hrs at 26«>C in 
complete medium supplemented with 1% FCS. A total of 10< RMA-S cells were added into 
each well of a 24-welI plate and incubated either alone or With the designated peptide ' 
(25 ug/ml) for 16 hrs at 26«>C and additional 3 hrs at 37*C in complete medium. Cells were 
then washed three times and stained with fluorescein isothiocyanate-conjugated anti D> or 
ant,-K» antibody (PharMingen, San Diego, CA). Labeled cells were washed twice 
resuspended and fixed in 500 pi of PBS with 1 % paraformaldehyde and analyzed for fluores- 
cence mtensny in a flow cytometer (Becton-Dickinson FACSCalibur®). The percentage of 
mcrease of D> or ^molecules on the surface of the RMA-S cells was measured by increased 
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mean fluorescent intensity of cells incubated with peptide compared with that of cells 
incubated in medium alone. 

Mice were immunized with the peptides capable of binding to murine class I MHC. 
Following immunization, spleen cells were stimulated in vitro and tested for the ability to 
lyse targets incubated with WT1 peptides. CTL were evaluated with a standard chromium 
release assay (Chen et al, 1994). 10* target cells were incubated at 37°C with 150 jiCi of 
sodium 5, Cr for 90 min., in the presence or absence of specific peptides. Cells were washed 
three times and resuspended in RPMI with 5% fetal bovine serum. For the assay, 10 4 5, Cr- 
labeled target cells were incubated with different concentrations of effector cells in a final 
volume of 200 \j\ in U-bottomed 96-weIi plates; Supematants were removed after 4-7 hrs at 
37°C, and the percentage specific lysis was determined by the formula: 

% Specific lysis = 100 x (experimental release - spontaneous release)/(maximum 
release-spontaneous release). 

The results, presented in Table 48, show that some WT1 peptides can bind to class I 
MHC molecules, which is essential for generating CTL. Moreover, several of the peptides 
were able to elicit peptide specific CTL (FIG: 6A and FIG. 6B), as determined using 
chromium release assays. Following immunization to CTL peptides pi 0-1 8 human, pl36- 
144 human, pi 36-144 mouse and p235-243, peptide specific CTL lines were generated and 
clones were established. These results indicate that peptide specific CTL can kill malignant 
cells expressing WT1 . 
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. Table 48 

Peptidc Binding Affinity to Mouse MHC 



Class! 


Positive control 


91% 


Nceative contml 


05.-13% 


p235-243 


33.6% 


pl36- 144 mouse 


27.9% 


pi 36- 144 human 


52% 


pIO-18 human 


22% 


. p225-233 


5.8% 


p329-337 


12% 


P126-134 


0.9% 


P221-229 


0.8% 


P228-236 


12% 


P239-247 


1% 


-USEOFAWT1 Peptide to Elicit WTl Specific CTL in Mice 



^ auuny 01 a representative WTl peptide to elicit CTL 
immunity capable of killing WTl positive tumor cell lines. 

PI 17-139, a peptide with motifs appropriate for binding to class I and class II MHC 
was .defied as de^ribed above using TSITES a,* BIMAS HLA peptide binding predic- 
ts analyses, m^i^^^^^^ FoJIowingiininnnization 

.Pleen cells were stimulated in ^ 0 and tested for the ability to lyse targets incubated with 
WTl peptides, as well as WTl positive and negative tumor cells. CTL were evaluated with a 
standard chromium release assay. The results, presented in FIG. 7A, FIG 7B, FIG. 7C and 
FIG. 7D, show that P, 17 can elicit WT, specific CTL capable of kilting WTl positive tumor 
cells, whereas no falling of WT, negative cells was observed. THese results demonstrate that 
peptide specific CTL in fact kill malignant cells expressing WTl and that vaccine and T cell 
therapy are effective against malignancies that express WTl . 

Similar immunizations were performed using the 9-mer class-1 1V4HC binding 
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immunization, spleen cells were stimulated in vitro with each of the 4 peptides and tested for 
ability to lyse targets incubated with WT1 peptides. CTL were generated specific for p!36- 
144, p235-243 and pi 17-139, but not for p225-233. CTL data for p235-243 and pi 17-139 
are presented in FIG. 8A and FIG. 8B. Data for peptides pl36-144 and p225-233 are not 
5 depicted. 

CTL lysis demands that the target WT1 peptides are endogenously processed and 
presented in association with tumor cell class 1 MHC molecules. The above WT1 peptide 
specific CTL were tested for ability to lyse WT1 positive versus negative tumor cell lines. 
'- CTL specific for p235-243 lysed. targets incubated withothe p235-243 peptides, but failed to^ 
10 lyse cell lines that expressed WTI proteins (FIG. 8A). By marked contrast, CTL specific for 
pi 17-139 lysed targets incubated with pi 17-139 peptides and also lysed malignant cells 
expressing WTI (FIG. 8B). As a negative control, CTL specific for pi 17-139 did not lyse 
WTI negative EL-4 (also referred to herein as E10). 

Specificity of WTI specific lysis was confirmed by cold target inhibition (FIG. 9A 
15 and FIG. 9B). Effector cells were plated for various effectontarget ratios in 96-well U- 
bottom plates. A ten-fold excess (compared to hot target) of the indicated peptide-coated 
target without M Cr labeling was added. Finally, 10* 5l Cr-labeled target cells per well were 
added and the plates incubated at 37°C for 4 hrs. The total volume per well was 200 pi. 

Lysis of TRAMP-C by pi 17-139 specific CTL Was blocked from 58% to 36% by EL- 
JO 4 incubated with the relevant peptide pi 17-139, but not with EL-4 incubated with an 
irrelevant peptide (FIG. 9A). Similarly, lysis of BLK-SV40 was blocked from 18% to 0% by 
EL-4 incubated with the relevant peptide pi 17-139 (FIG. 9B). Results validate that WTI 
peptide specific CTL specifically kill malignant cells by recognition of processed WTI . 

Several segments with putative CTL motifs are contained within pi 17-139. To 
5 determine the precise sequence of the CTL epitope all potential 9-mer peptides within pi 17- 
139 were synthesized (Table 49). Two of these peptides (p!26-134 and pl30-138) were 
shown to bind to H-2 b class I molecules (Table 49). CTL generated by immunization with 
pi 17-139 lysed targets incubated with pl26-134 and pl30-138, but not the other 9-mer 
peptides within pi 17-139 (FIG. 10A). 
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The PU7-139 specific GTL line was restated with either p!26-134 or P 13(>-138 
Following regulation with P 126,134 or pBO-l^^t'^ltedhm^-,^ 
specific lysis, but only p,30-138 specific CTL showed lysis of a WT1 positive tumor cell 
h*e(FIG. lOBandFIG. IOC). Tbm.pMlHi^ + kto.^,,^^ 



Table 49 

b ™™ofWX1CTL9-merPe™^ 



PI 17-125 

PI 18-126 

P119-127 

P120-J28 

P12J-129 

P122-130 

P123-131 

P124-132 

P125-133 

P126-134 

P127-135 

P128-136 

P129-137 

P130-138 

P131-139 



Antigens 


Peptide — 


Binding Affinity 




to Mouse MHC 




Clara* 


r.>v^/\;>;MjQA (5JbQ ID NO:221) 


• 2% 


SQASSGQAR (SEQ JD N0.216) 


2% 


QASSGQARM (SEQ ID NO: 161 and SEQ ID NO:288) 


. 2% 


ASSGQARMF (SEQ ID NO:40 


1% 


SSGQARMFP (SEQ ID NO.-222) 


1% 


SGQARMFPN (SEQ ID NO:212) 


1% 
1% 


GQARMFPNA (SEQ ID NO:98 and SEQ ID N0269) 


QARMFPNAP (SEQ ID NO-^23) 


i% 


ARMFPNAPY (SEQ ID NO:38) 


i% 


RMFPNAPYL (SEQ ID NO: J 85 and SEQ ID NO:293) 


79% 


MFPNAPYLP (SEQ ID NO:224) 


2% 


FPNAPYLPS (SEQ ID NO:79 and SEQ ID NO:267) 


1% 


PNAPYLPSC (SEQ ID NO-^25) 


1% . 


NAPYLPSCL (SEQ ID NO: 144 and SEQ ID NO:282) 


79% 


APYLPSCLE (SEQ ID NO:226) 


1% , . 



5 6 S^ PLE 6 ■ ,den ™<*™n of WT1 Specific mRNA ,n Mouse Tumor Cell 



This example illustrates the use of RT-PCR™ to detect WT1 specific mRNA in cells 
and cell lines. 

Mononuclear cells were isolated by density gradient centrifogation, and were 
^mediately frozen and stored at -80°C until analyzed by RT-PCR™ for the presence of 
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Wtl specific mRNA. RT-PCR™ was generally performed as described by Fraizer et al 
(1995). Total RNA was extracted from 10 T cells according to standard procedures. RNA 
pellets were resuspended in 25 uL diethylpyrocaTbonate treated water and used directly for 
reverse transcription. The zinc-finger region (exons 7 to 1 0) was amplified by PCR™ as a 
5 330-bp mouse cDNA. Amplification was performed in a therroocycler during one or, when 
necessary, two sequential rounds, of PCR™. AmpliTaq DNA Polymerase (Perkin Elmer 
Cetus, Norwalk, CT), 2.5 mM MgCl 2 and 20 pmol of each primer in a total reaction volume 
of 50 pi were used. Twenty pX aliquots of the PCR™ products were electrophoresed on 2% 

' -agaiose gels stained^with ethidium hromide. The gels were photographed with Polaroid film 

10 (Polaroid 667, Polaroid Ltd., Hertfordshire, England). Precautions against cross contamina- 
tion were taken following the recommendations of Kwok and Higuchi (1989). Negative 
controls included the cDNA- and PCR™-reagent mixes with water instead of cDNA in each 
experiment. To avoid false negatives, the presence of intact RNA and adequate cDNA 
generation was evaluated for each sample by a control PCR™ using 0-actin primers. 
1 5 Samples that did not amplify with these primers were excluded from analysis. 

Primers for amplification of WT1 in mouse cell lines were: PI 15: 1458-1 478:- 
5'-CCCAGGCTGCAATAAGAGATA^3' (forward primer; SEQ ID NO:21); and PI 16: 1767- 
1787: 5-ATGTTGTGATGGCGGACCAAT-3' (reverse primer; SEQ ID NO:22) (Inoue et 
al, 1 996; Fraizer et al, 1 995). 

20 Beta Actin primers used in the control reactions were: 

5'-GTGGGGCGCCCCAGGCACCA-3' (sense primer, SEQ ID NO:23); and 
S^GTCCTTAATGTCACGCACGATTTC-S' (antisense primer; SEQ ID NO:24). 

- Primers for use in amplifying human WT1 include: PI 17: 954-974: 
S'-GGCATCTGAGACCAGTGAGAAO' (SEQ ID NO:25); and PI 18: 1434-1414: 

25 5'-GAGAGTCAGACTTGAAAGCAGT-3 , (SEQIDNO:5). For nested RT-PCR™, primers 
may be: P119: 1023-1043: 5 -GCTGTCCCACTTACAGATGCA-3' (SEQ ID NO:26); and 
P120: 1345-1365: S'-TCAAAGCGCCAGCTGGAGTTT-S' (SEQ ID NO:27). 

Table 50 shows the results of WT1 PCR™ analysis of mouse tumor cell lines. Within 
Table 5, (4++) indicates a strong WT1 PCR™ amplification product in the first step 

30 RT-PCR™, (++) indicates a WT1 amplification product that is detectable by first step WT1 
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RT-PCR™, (+) indicates a product that is detectable only i„ the second step of WTl 
RT-PCR™, and (~) indicates WT1 PGR™ negative. 



10 



15 



Table 50 

Detection of WT1 mRNA in Mouse Timor Cell Lines 

* • V 



Cell Line 

K562 (human leukemia; ATCC): Positive control (Lozzio and Lozzio, 1975) 
TRAMPC (SV40 transformed prostate, B6) (Foster e/o/, 1997) 
BLK-SV40 HD2 (SV40-transf. fibroblast, B6; ATCC) (Patek etol, 1978) 
CTLL (T-cell, B6; ATCC) (Gillis, 1977) 
FM (FBL-3 subline, leukemia, B6) (Glynn o/., 1968) 
BALB 3T3 (ATCC) (Aaroston and Todaro, 1968) 
S49.1 (Lymphoma, T-cell like, B/C; ATCC) (Horibata and Harris, 1970) 
BNL CL.2 (embryonic liver, B/C; ATCC) (Patek et al, 1978) 
MethA (sarcoma, B/C) (Old <?/ al, 1 962) 
P3.6.2.8.1 (myeloma, B/C; ATCC) (Watson <?/«/., 1970) 
P2N (leukemia, DBA/2; ATCC) (Melling e/ al, 1976) 
BCL1 (lymphoma, B/C; ATCC) (Slavin and Strober, 1 977) 
LSTRA (lymphoma, B/C) (Glynn et ali 1968) 
B10/EL^4 (lymphoma, B6) (Glynn e/o/., 1968) 



++ 
+ 
+ 
+ 

+ 
+ 



5.7 Example 7 — Evaluation of the Systemic Histopathological 

AW)TOXICOU)GICALElTECTSOFWrilMMUNIZATIONINMlCE 
The purpose of this example is to analyze the immunogenic^ and potential systemic 
histopathological and lexicological effects of WT1 protein immunization in a multiple dose 
titration in mice. 



The experimental design for immunization of mice with WT1 



Table 51. 



protein is outlined in 



Table 51 

Experimental Design ofWTI Immunization in Mice 



Histology 
Group 



1 



Corixa 
Group 



Treatment Description 



No treatment 



Dose 
Level 



Total No. 
(Females) 
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Treatment Description Dose TotzlNo. 

_ l^^l (Females) 



Group 


Group 


2 


1 1 


3 


1.2 


4 


2.1 


5 


2.2 


6 


3.1 


7 


3.2 


8 


4.1 


9 


4.2 



MPL-SE (adjuvants alone), 6x, 1 week 10 ug 4 

apart 

MPL-SE, 3x, 2 weeks apart 10 fig 4 

Ral2-WT1+ MPL-SE, 6x 25 ug 4 

Ral2-WT1+ MPL-SE, 3x 25 ug 4 

Ral2-WT1 + MPL-SE, 6x lOOug 4 

Ra 12-WT1+ MPL-SE, 3x 100 ug 4 

Ral2-WT1+ MPL-SE, 6x 1000 ug 4 

Ral2-WT1 + MPL-SE, 3x 1000 ug 4 

Vaccination to WT1 protein using MPL-SE as adjuvant, in a mnltiple dose titration 
study (doses ranging from 25ug, lOOug to lOOOug WT1 protein) in female C57/B6 mice 
elicited a strong WTl-specific antibody response (Figure 19) and cellular T-ceU responses 
(Figure 20). 

No systemic histopathological or toxicological effects of inmiunization with WT1 
protein were observed No histological evidence for toxicity was seen in the following 
tissues: adrenal gland, brain, cecum, colon, duodenum, eye, femur and marrow, gall bladder, 
heart, ileum, jejunum, kidney, larynx, lacrimal gland, liver, lung, lymph node, muscle, 
esophagus, ovary, pancreas, parathyroid, salivary gland, sternum and marrow, spleen, 
stomach, thymus; trachea; thyroid, urinary bladder and uterus. 

Special emphasis was put on evaluation of potential hematopoietic toxicity. The 
myelwd/erythroid ratio in sternum and femur marrow was normal. All evaluable blood cell 
counts and blood chemistry (BUN, creatinine, bilirubin, albumin, globulin) were within the 
normal range. 

Given that existent immunity to WT1 is present in some patients with leukemia and 
that vacdnation to WT1 protein can elicit WTl-specific Ab and cellular T-ceU responses in 
mice without toxicity to normal tissues, these experiments validate WT1 as a tumor/leukemia 
vaccine. 



WO 01/62920 



PCT/USOl/05702 



150 

5.8- Example 8 - Elicitation of Human WTI-Specific T-Cell Responses 
by Whole Gene In Vitro Priming 

This example demonstrates that WTl specific T-cell responses can be generated from 
the blood of nonnal individuals. 

5 Dendritic cells (DC) were differentiated from monocyte cultures derived from PBMC 

of normal donors by growth for 4-10 days in RPMJ mediurn contammg ^ human serum 
50 ng/ml GMCSF and 30 ngArJ IL-4. Following culture, DC were infected 16 hrs with 
recombinant WTl -expressing vaccinia virus at an M.O.I, of 5, or for 3 days with 
recombinant WTl -expressing adenovirus at an M.O.I. of 10. Vaccinia virus was inactivated 
10 by U.V. irradiation. CD8 +T -cells were isolated by positive 

and priming cultures were initiated in 96-welI plates. Cultures were restimulated every 7-10 
days using autologous dendritic cells adeno or vaccinia infected to express WTl . Following 
3-6 stimulation cycles, CD8+ lines could be identified that specifically produced interferon^ 
gamma when stimulated with autologous- WTl -expressing dendritic cells or fibroblasts. The 
WTl-specific activity of these lines could be maintained following additional stimulation 
cycles. These lines were demonstrated to specifically recognize adeno or vaccinia WTl 
infected autologous dendritic cells; but not adeno or vaccinia EGFP-infected autologous 
dendritic cells by Elispot assays. 

20 5.9 Example ? — Formulation ofRA12-Wt1 for Injection: 

Use of Excipients to Stabilize Lyophilized Product 
This example describes the formulation that allows the complete solubilization of 
lyophilized Ral 2-WTl . 

The following formulation allowed for the recombinant protein Ral2-WT1 to be 
25 dissolved into an aqueous medium after being h/ophylized to dryness: 

Recombinant Ral2-WT1 concentration: 0.5 - 1.0 mg/ml; Buffer: 10-20 mM 
Bthanolamine, p H 10.0; 1.0 - 5.0 mM Cysteine; 0.05 % Tween-80 (Polysorbate-80); Sugar 
10% Trehalose (T5251, Sigma, MO) 10% Maltose (M91 71, Sigma, MO) 10% Sucrose 
(S7903, Sigma, MO) 10% Fructose (F2543, Sigma, MO) 10% Glucose (G7528, Sigma, MO). 



15 
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The lyophffized protein with the sugar excipient was found to dissolve significantly 
more than without the sugar excipient Analysis hy Coomassie stained SDS-PAGE showed 
no signs of remaining solids in the dissolved material. 

5 5.10 Example 10 - Identification of an Immune Response to WT1 in Patients 
with Hematological Malignancies 

; This Example illustrates the identification of an existent immune response in patients 
with a hematological malignancy. 

To evaluate the presence of preexisting WT1 specific antibody responses in patients, 
10 „ sera.,of patienta,with acute myelogenous leukemia , (AML), acute lymphocytic Jeukemia 
(ALL), chronic myelogenous leukemia (CML) and severe aplastic anemia were analyzed 
using Western blot analysis. Sera were tested for the ability to iinmunoprecipitate WT1 from 
the human leukemic cell lineK562 (American 7)?7e C«//wre Collection, Manassas, VA). in 
each case, immunoprecipitates were separated by gel electrophoresis, transferred to 
15 membrane and probed with the anti WT-I antibody WT180 (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA). This Western blot analysis identified potential WT1 specific antibodies in 
patients with hematological malignancy. A 52-kDa protein in the immunoprecipitate 
generated using the patient sera was recognized by the WT1 specific antibody. The 52-kDa 
protein migrated at the same size as the positive control. 
20 Additional studies-analyzed the sera of patients with AML and CML forthe presence ' 

of antibodies to full-length and truncated WT1 proteins. CDNA constructs representing the 
human WT1 /full-length (aa 1-449% me N-terminus (aa 1-249) "(WTl/N-taminus) and C- 
terminuis (aa 267-449) (WTl/C-termmus) region were subcloned into modified pET28 
vectors. The WTl/full-length and WTl/N-terminus proteins were expressed as Ral2 fusion 
25 proteins. Ral2 is the C-terminal fragment of a secreted Mycobacterium tuberculosis protein, 
denoted as MTB32B. (Skeiky et ah, Infect Immun., 67:3998, 1999). The Ral2-wTl/full- 
length fusion region was cloned 3' to a histidine-tag in a histidine-tag modified pET28 
vector. The WTl/N-terminus region was subcloned into a modified pET28 vector that has a 
5' histidine-tag followed by the thioredoxin (TRX> WTl/N-terminus fusion region followed 
30 by a 3'-histidine-tag. The WTl/C-tenminus coding region was subcloned into a modified 
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0 



PET28 vector without a fusion partner containing only the 5' and 3' Mstidine-tag, followed 
by a Thrombin and EK site. 

BL21 pLysS K coli (Stratagene, La Jolla, CA) were transformed with the three WTl 
expression constructs, grown overnight and induced with isopropyl-^D-thiogalactoside 
OPTG). WTl proteins were purified as follows: Cells were harvested and lysed by 
incubation in lOmM Tris, pH 8.0 with Complete Protease Inhibitor Tablets (Boehrmger 
Mannheim Biochemicals, Indianapolis, IN) at 37°C followed by repeated rounds of 
sonication. Inclusion bodies were washed twice with 10 mM Tris, pH 8.0. Proteins were 
then purified by metal chelate affinity chromatography over nickel-mtrilotriacetic acid resin 
(QIAGEN Inc., Valencia, CA) followed by chromatography on a Source Q anion exchange 
resin (Amersham Pharmacia Biotech, Upsala, Sweden). The identity of the WTl proteins 
was confirmed by N-teirminal sequencing: 

Sera from adult patients with de nova AML or CML were studied for the presence of 
WTl specific Ab. Recombinant proteins were adsorbed to TC microwdl plates (Nunc, 
Roskilde, Denmark). Plates were washed with TBS/0.5% Tween-20 and blocked with 1% 
BSA/PBS/0.1% Tween-20. After washing, serum dilutions were added and incubated 
overnight at 4*C. Plates were washed and Donkey anti-human IgG-HRP. secondary antibody 
was added (Jackson-Immunochem, West Grove, PA) and incubated for 2 hrs at room 
temperature. Plates were washed, incubated with TMB Peroxidase substrate solution 
(Kirkegaard and Perry Laboratories, MA), quenched with 1 N H 2 SCv and immediately read 
(Cyto-Fluor 2350; MilHpore, Bedford, MA). 

For the serological survey, human sera were tested by ELISA over a range of serial 
dilutions from 1:50 to 1:20,000, A positive reaction was defined as an OD value Of a 1:500 
diluted serum that exceeded the mean OD value of sera from normal donors (n=96) by three 
(WTl/full-length, WTl C- terminus) standard deviations. Due to a higher background in 
normal donors to the WTl/N-terminus Protein A positive reaction to WTl/N-terminus was 
defined as an OD value of 1:500 diluted serum that exceeded the mean OD value of sera 
from normal donors by four standard deviations. To verify that the patient Ab response was 
directed against WTl and not to the Ral2 or TRX fusion part of the protein or possible £. 
coli contaminant proteins, controls included the Ral2 and TRX Protein Alone purified in a 



WO01/62920 



FCT/USOJ/05702 



153 

similar manner. Samples that snowed reactivity against the Ral2 arid/or TRX proteins were 
excluded from the analysis. 

To evaluate for the presence of immunity to WT1 , Ab to recombinant full-length and 
truncated WT1 proteins in the sera of normal individuals and patients with leukemia were 
5 determined. Antibody reactivity was analyzed by ELISA reactivity to WTl/rall-length 
protein, Wl/N4erminus Protein And WTl/C-termmus protein. 

Only 2 of 96 normal donors had serum antibodies reactive with WTl/full-length 
protein. One of those individuals had antibody to WTl/N-terminus Protein And one had 
,.,,antibody,to WTMatei^us^rotein. contrast, -16 of 63, patients. (25%) with AML had 
10 serum antibodies reactive with WTl/full-length protein. By marked contrast, only 2 of 63 
patients (3%) had reactivity to WTI/C-tenninus jwdteim Fifteen of 81 patients (19%) with 
CML had serum antibodies reactive with WTl/full-iength Protein And 12 of" 81 patients 
(15%) had serum antibodies reactive with WTl/N T terminiis. Only 3 of 81 patients (3%)had 
reactivity to WTl/C-terminus protein. 
15 These data demonstrated that Ab responses to WTI are detectable in some patients 

with AML and CML. The greater incidence of ^antibody in leukemia patients provides strong 
evidence that immunization to the WTI protein occurred as a result of patients bearing 
malignancy that expresses or at some time expressed WTI. Without being limited to a 
specific theory, it is believed that the observed antibody responses' to WTI most probably 
20 result from patients becoming immune to WTI on their own leukemia cells and provide 
direct evidence that WTI can be immunogenic despitebeing a "self 'protein. 

The presence of antibody to WTI strongly implies that concurrent helper T cell 
responses are also present in the same patients. WTI is an internal protein. Thus, CTL 
responses are likely to be the most effective in terms of leukemia therapy and the most toxic 
25 arm of immunity. Thus, these data provide evidence that therapeutic vaccines directed 
against WTI will be able to elicit an immune response to WTI . 

The majority of the antibodies detected were reactive with epitopes within the N- 
terminus while only a small subgroup of patients showed a weak antibody response to the C- 
tenninus. This is consistent with observations in the animal model, where immunization 
30 with peptides derived from the N-termmus elicited antibody, helper T cell and CTL 
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■ r^ponses, ^exea^ no«e of the peptides tested from the C-tenninus elicited antibody or T 
cell responses (Gaiger et al, 2000). 
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1. 



3. 



CLAIMS: 



Use of a composition comprising at least a first isolated peptide of from 9 to about 40 
amino adds in length, or at least a first nucleic add segment that encodes said 
peptide, in the manufacture of a medicament for treating or preventing mesothelioma; 
wherein said peptide comprises a first contiguous amino acid sequence according to 
any one of SEQ D>NO:l to SEQ ID NO:4, SEQIDNO:13 to SEQIDNO.20, SEQ 
ID NO:28 to SEQ ID N031 1, SEQ ID NO:313, SEQ D>NO:314, SEQ ID NO:316 
to SEQ ID NO:3 1 8, and SEQ ID NO:321 to SEQ ID NO:326. 

Use according to claim 1, wherein said composition comprises at least a first isolated 
peptide of from 9 to about 35 amino acids in length, or at least a first nucleic acid 
segment that encodes said peptide. 

Use according to claim 1 or claim 2, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 30 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 25 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 20 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide: 
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Use according to any preceding claim, herein said composition comprises at least a 
first isolated peptide of from 9 to about 15 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 13 amino acids in length, or at least a fest 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherein said composition comprises at least a 
fest isolated peptide of from 9 to about 11 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 40 amino acids in length, or at least a fust 
nucleic acid segment that encodes said peptide; said peptide comprising a first 
contiguous amino acid sequence according to any one of SEQ ID NO: 13 to SEQ ID 
NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID NO:313, SEQ ID NO:314, and 
SEQ ID NO-.316 to SEQ IDNO:318. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 40 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide comprising a first 
r contiguous amino acid sequence according to any one of SEQ ID NO:28 to SEQ ID 
NO:311, SEQ ID NO:313, SEQ ID NO.-314, and SEQ ID NO:3I6 to SEQ ID 
NO.318. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 40 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide comprising at least a first 
contiguous amino acid sequence selected from the group consisting of ALLPAYPSL 
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12. 



13. 



(SEQ ID NO:34), ALLPAVSSL (SEQ ID NO:35), CMTWNQMNL (SEQ ID 
NO:49), GATLKGVAA (SEQ ID NO:88), NLYQMT^QL (SEQ ID NO:147) 
RMFPNAPYL (SEQ ID NO: 1 85), SCLESQPAI (SEQ ID NO: 1 98), and SCLESQPTI 
(SEQIDN0:199). 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 1 1 amino acids Lin length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide consisting essentially of 
the amino acid sequence of any one of SEQ ID NO. l to SEQ ID NO:4 SEQ ID 
NO:13 to SEQIDNO.-20, SEQ IDNO:28 to SEQ IDNO:31 1, SEQIDN0313, SEQ 
ID NO.-314, SEQ ID N0.316 to SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID 
NO:326. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 11 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide consisting essentially of 
the amino acid sequence of any one of SEQ ID NO:l 3 to SEQ ID NO:20, SEQ ID 
NO:28 to SEQ ID NO:311, SEQ ID N0.313, SEQ ID NO:314, and SEQ ID NO:316 
toSEQIDNO:3i8. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 1 1 amino acids in length, or at least a first 
nucleic acid segment mat encodes said peptide; said peptide 

the amino acid sequence ALLPAVPSL (SEQ ID NO:34), ALLPAVSSL (SEQ ID 
NO:35), CMTWNQMNL (SEQ ID NO:49), GATLKGVAA (SEQ ID NO:88), 
NLYQMTSQL (SEQ ID NO:147), RMFPNAPYL (SEQ ID NO:185), SCLESQPAI 
(SEQ ID NO: 198), or SCLESQPTI (SEQ ID NO: 199). 

15. Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide that consists of the amino acid sequence according to any one of 
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SEQIDNO:lto SEQ ID NO:4, SEQ ID NO:13 to SEQ IDNO:20, SEQ ID NO:28 to 
SEQ ID NO:311, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID 

NO.-318, and SEQ ID NO:321 to SEQ ID NO:326, or at least a first nucleic acid 

segment that encodes said peptide. 

16. Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide that consists of the amino acid sequence according to any one of 
SEQ ID NO:28 to SEQ ID NO:31 1, or at least a first nucleic acid segment that 

- encodes said peptide. 

17: Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide that consists of the amino acid sequence ALLPAVPSL (SEQ ID 
NO:34), ALLPAVSSL (SEQ ID NO:35), CJVfTWNQMNL (SEQ ID NO:49), 
GATLKGVAA (SEQ ID NO:88), NLYQMTSQL (SEQ ID NO: 147), RMFPNAPYL 
(SEQ ID NO: 185), SCLESQPAI (SEQ ID NO:198), or SCLESQPTI (SEQ ID 
NO. J99); or at least a first nucleic acid segment that encodes said peptide. 

18. Use according to any preceding claim, wherein said composition further comprises at 

- least a second isolated peptide of from 9 to about 40 amino acids in length, or at least 
a first nucleic acid segment that encodes said peptide; said second peptide comprising 
at least a first contiguous amino acid sequence according to any one of SEQ TD ND.l 
to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID 
NO.-3U, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO.316 to SEQ BO NO:3I8, 
and SEQ ID NO:321 to SEQ ID NO:326. 

1 9. Use according to any preceding claim, wherein said composition further comprises at 
least a second isolated peptide of from 9 to about 40 amino acids in length, or at least 
a first nucleic acid segment that encodes said peptide; said second peptide comprising 
at least a first contiguous amino acid sequence according to any one of SEQ ID 
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20. 



NO:13 to SEQ ID NO.20, SEQ IDNO;28 to SEQ1D NO:31 i, SEQ IDNO:313, SEQ 
ID NO:3 14, and SEQ ID NQ:3 1 6 to SEQ ID NO:3 18. 

Use according to any preceding claim, wherein said composition further comprises at 
least a second isolated peptide of from 9 to about 40 amino acids in length, or at least 
a first nucleic acid segment that encodes saidpeptide; said second peptide comprising 
at least a first contiguous amino acid selected from the group consisting of 
ALLPAVPSL (SEQ ID NO:34), ALLPAVSSL (SEQ ID NO:35), CMTWNQMNL 
(SEQ ID NO:49), GATLKGVAA (SEQ ID NO:88), NLYQMTSQL (SEQ ID 
N0.147), RMFPNAPYL (SEQ ID NOM85), SCLESQPAI (SEQ ID NO: 198), and 
SCLESQPTI (SEQ ID NO:199). 

Use according to any one of claims 18 to 20, wherein said composition further 
comprises at least a third isolated peptide of from 9 to about 40 amino acids in length, 
or at least a first nucleic acid segment that encodes said peptide; said third peptide 
comprising at least a first contiguous amino acid sequence according to any one of 
SEQ ID NO:l to SEQ ID NQ:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to 
SEQ ID NO:311, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID 
NO:31 8, and SEQ ID NO:321 to SEQ ID NO:326. 

22. Use according to any one of claims 18 to 21, wherein said composition further 
comprises at least a third isolated peptide of from 9 to about 40 amino acids in length, 
or at least a first nucleic acid segment that encodes said peptide; said third peptide 
comprising at least a first contiguous amino acid sequence according to any one of 
SEQ ID NO:28 to SEQ ID NO:3 1 1 . 



21. 



23. 



Use. according to any one of claims 18 to 22, wherein said composition further 
comprises at least a third isolated peptide of from 9 to about 40 amino acids in length, 
or at least a first nucleic acid segment that encodes said peptide; said third peptide 
comprising at least a first contiguous amino acid selected from the group consisting 
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of ALLPAVPSL (SEQ ID >IO:34), ALLPAVSSL (SEQ ID NO:35), CMTWNQMNL 
(SEQ ID NO:49), GAlLKGVAA (SEQ ID N0.8&X NLYQMTSQL (SEQ ID 
NO:147), RMFPNAPYL (SEQ ID NO:185), SCLESQPAI (SEQ ID NO:198), and 
SCLESQPTI (SEQ ID N0:199). 

24. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 5000 nucleotides in length. 

25. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 3000 nucleotides in length. 

26. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 1000 nucleotides in length. 



27. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 500 nucleotides in length. 

28. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid- segment ^perably positioned under the control of at least a first 
heterologous promoter. 

29. Use according to any preceding claim, wherein said composition comprises at least a 
. first nucleic acid segment that is comprised within a vector. 

30. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment that is comprised within a plasmid or viral vector. 

31 . Use according to any preceding claim, wherein said composition further comprises at 
least a first pharmaceutical^ acceptable excipient. 
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32. Use according to any preceding claim, wherein said composition further comprises at 
least a first immunostimulant orat least a first adjuvant. 

33. Use according to any preceding claim, wherein said composition further comprises at 
least a first immunostimulant or at least a first adjuvant that preferentially enhances a 

. T-cell response in a human. 

34. Use according to any preceding claim, wherein said composition further comprises at 
least a first immunostimulant or at least a first adjuvant selected from the group 
consisting of Montanide ISA50, Seppic Montanide ISA720, a cytokine, a 
microsphere, a dimethyl dioctadecyl ammonium bromide adjuvant AS-1, AS-2, Ribi 
Adjuvant, QS21, saponin, microfluidized Syntex adjuvant, MV, ddMV, an immune 
stimulating complex and an inactivated toxin. 

35. Use according to any preceding claim, wherein said medicament is intended for 
generating a T cell response in a patient with mesothelioma. 

36. Use according to any preceding claim, wherein said medicament is intended for 
administration to a patient with malignant pleural mesothelioma 



37. 



Use according to any preceding claim, wherein said medicament is formulated for 
parenteral, intravenous, intraperitoneal, subcutaneous, intranasal, transdermal, or oral 
administration. 



38. Use according to any preceding claim, wherein said composition further comprises at 
least a first detection reagent 

39. Use according to any preceding claim, wherein said composition further comprises at 
least a first detection reagent that specifically binds to a WT1 peptide or polypeptide. 
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40: Use according to any preceding claim, wherein said composition further comprises at 
least a second therapeutic agent for treating or preventing mesothelioma. 
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SEQUENCE LISTING 

<110> Corixa Corporation 

<120> COMPOSITIONS AND METHODS FOR DIAGNOSIS 
AND THERAPY OF MALIGNANT MESOTHELIOMA 

<I30> 2077.000210 

<140> UNKNOWN 
<141> 2001-02-22 

<150> 60/184,070 
<151> 2000-02-22 

<160> 326 

<170> FastSEQ for. Windows Version 3.0 

<210> 1 
<211> 17 

<212> PRT T 
<213> Homo sapienis 



<400> 1 

Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Pro Ser Leu Gly Gly Gly 

10 15 



Gly 

<210> 2 

<211> 23 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe Pro Asn Ala Pro 

10 15 

Tyr Leu Pro Ser Cys Leu Glu 
20 



<210> 3 

<211> 23 

<212> PRT 

<213> Mus musculus 

<400> 3 

Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe Pro Asn Ala Pro 

5 10 15 

Tyr Leu Pro Ser Cys Leu Glu 
20 



<210> 4 
<211> 19 
<212> PRT 
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<213> Homo sapiens . . 
<400> 4 

Gly Ala Thr Leu Lys Gly Val Ala Ala Gly Ser Sex Sex Ser Vai Lys 
1 5 10 15 

Trp Thr Glu 

<210> 5 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WT1 
<400> 5 

gagagtcaga cttgaaagca gt 22 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WT1 
<400> 6 

ctgagcctca gcaaatgggc 20 

<210> 7 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> - 

<223> Primer for Amplification of human WT1 

<400> 7 

gagcatgcat gggctccgac gtgcggg 27 

<210> 8 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Prijner for Amplification of human WT1 
<400> 8 

9gggtaccca ctgaacggtc cccga 25 

<210> 9 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<400> 9 

tccgagccgc acctcatg 2g 



<210> 10 
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<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<400> 10 

gcctgggatg ctggactg 

<210> 11 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<400> 11 

gagcatgcga tgggttccga cgtgcgg 2? 

<210> i2 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<400> 12 

ggggtacctc aaagcgccac gtggagttt 

<210> 13 

<211> 17 

<212> PRT 

<213> Mus mus cuius 



Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Ser Ser Leu Gly Gly Gly 

10 15 

Gly 



<210> 14 

<211> 19 

<212> PRT 

<213> Mus musculus 

<400> 14 

Gly Ala Thr Leu Lys Gly Met Ala Ala Gly Ser Ser Ser Ser Val Lys 
b 10 15 

Trp Thr Glu 

<210> 15 

<211> 15 

<212> PRT 

<213> Homo sapiens 

<400> 15 

Arg lie His Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg 
5 10 15 
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<210> IS 

<211> 15 

<212> PRT 

<213> Mus mus cuius 



<400> 16 

Arg lie His Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg 
1 5 10 15 

<210> 17 

<211> 14 

<212> PRT. 

<213> Mus musculus 

. <400> 17 

Val Arg Arg Val Ser Gly Val Ala Pro Thr Leu Val Arg Ser 
15 10 

<210> 18 

<2ll> 14 

<212> PRT 

<213> Homo sapiens 

<400> 18 

Val Arg Arg Val Pro Gly Val Ala Pro Thr Leu Val Arg Ser 
15 io 

<210> 19 
<211> 15 
<212> PRT 

<213> Homo sapiens 

<400> 19 * 

Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val Arg His His 
1 - 10 15 

<210> 20 

<211> 15 

<212> PRT 

<213> Mus musculus 

<400> 20 

Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val Arg His His 
15 10 15 

<210> 21 
5211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<400> 21 

cccaggctgc aataagagat a 21 

<210> 22 
<211> 21 
<212> DNA 
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<2I3> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WTl 
<400> 22 

atgttgtgat ggcggaccaa t 

<210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of Beta Actin 
<400> 23 

gtggggcgcc ccaggcacca ^ 
<210> 24 

<211> 24 . 
<212> DNA * 
<213> Artificial 

Sequence 

<220> 

<223> Primer for amplification of Beta Actin 
<400> 24 

gtccttaatg ctacgcacga tttc 

24 

<210> 25 
<211> 21 

<212> DNA 
<213> Artificial Sequence 

<220> 

<223> Primer for Amplification of human WTl 
<400> 25 

ggcatctgag accagtgaga a ^ 

<210> 26 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WTl 
<400> 26 

gctgtcccac ttacagatgc a 

<210> 27 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WTl 
<400> 27 

tcaaagcgcc agctggagtt t 

21 

<210> 28 
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<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 28 

Ala Ala Gly Ser Ser Ser Ser Val Lys 
15 

<210> 29 
<211> 9 
<212> PR? 
* <213> Homo sapiens 

<400> 29 

Ala Ala Gin Phe Pro Asn His Ser Phe 
1 5 

<210> 30 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 30 

Ala Glu Pro His Glu Glu Gin Cys Leu 
1 5 

<210> 31 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 31 

Ala Gly Ala Cys Arg Tyr Gly Pro Phe 
1 * 

<210> 32 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 32 

Ala Gly Ser Ser Ser Ser Val Lys Trp 
1 5 

<210> 33 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 33 

Ala lie Arg Asn Gin Gly Tyr Ser Thr 
1 5 

<210> 34 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 34 

Ala Leu Leu Pro Ala Val Pro Ser Leu 
1 5 

<210> 35 
<211> 9 
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<212> PRT 

<213> Homo sapiens 
<400> 35 

Ala. Leu' Leu Pro Ala Val Ser Ser Leu 
1 5 

<210> 36 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 36 

Ala Gin Phe Pro Asn His Ser Phe Lvs 
1 5 

<210> 37 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 37 

Ala Gin Trp Ala Pro Val Leu Asp Phe 
1 5 

<21G> 38 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 38 

Ala Arg Met Phe Pro Asn Ala Pro Tyr 



<210> 39 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 39 

Ala Arg Ser Asp Glu Leu Val Arg His 



<210> 40 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 40 
Ser Ser Gly Gin Ala Arg Met Phe 



<210> 41 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 41 

Ala Tyr Gly Ser Leu Gly Gly P ro Ala 
1 5 

<210> 42 
<211> 9 
<212> PRT 



WQ0J/62S20 



<213>. Homo sapiens 



Ala 
1 



<400> 42 
Tyr Pro Gly Cys Asn Lys Arg Tyr 
5 



<210> 43 
<211> 9 
<212> PRT 

<213> Homo sapiens 



Cys 



1 



<4O0> 43 
Ala Leu Pro Vai Ser Gly Ala Ala 



<210> 44 
<211> 9 
<212> PRT 



<213> Homo sapiens 



<400> 44 

Cys Ala Tyr Pro Gly Cys Asn Lys Arg 



<210> 45 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 45 

Cys His Thr Pro Thr Asp Ser Cys Thr 
1 5 

<210> 46 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 46 

Cys Lys Thr Cys Gin Arg Lys Phe Ser 
1 5 

<210> 47 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 47 

Cys Leu Glu Ser Gin Pro Ala He Arq 
* 5 

<210> 48 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 4 8 

Cys Leu Ser Ala Phe Thr Val His Phe 



1 



5 



<210> 4 9 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<4dQ> 49. 

Cys Met Thr Trp Asn Gin Met Ash -Leu 
1 5 

<210> 50 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 50 

Cys Arg Trp Pro Ser Cys Gin Lys Lys 

<2l6> 5} 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 51 .> 
Cys Arg Tyr Gly Pr/> Phe Gly Pro Pro 

<210> 52 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 52 

Cys Thr Gly Ser Gin Ala Leu Leu Leu 
1 5 

<210> 53 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 53 

Asp Glu Leu Val Arg His His Asn Met 
1 5 

<210> 54 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 54 

Asp Phe Ala Pro Pro Gly Ala Ser Ala 

<210> 55 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 55 

Asp Phe Lys Asp Cys Glu Arg Arg Phe 
1 5 

<210> 56 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 56 

Asp Gly Thr Pro Ser Tyr Gly His Thr 
1 S 

<210> 57 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 57 

Asp His Leu Lys Thr His Thr Arg Thr 
1 5 

<210> 58 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 58 

Asp Leu Asn Ala Leu Leu Pro Ala Val 
1 5 

<210> 59 

<211> 9 

<212> PRT 

<213> ^Homo sapiens 

<400> 59 

Asp Pro Met Gly Gin Gin Gly Ser Leu 
1 5 



<210> 60 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 60 

Asp Gin Leu Lys Arg His Gin Arg Arg 



<210> 61 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 61 
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Asp Ser Cys Thr Gly Ser Gin Ala Leu 

1 - • 5 / 

<210> 62 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 62 

Asp Val Arg Asp Leu Asn Ala Leu Leu 
1 5 

<21Q> 63 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 63 

Asp Val Arg Arg Val Pro Gly Val Ala 
1 5 

<210> 64 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<40D> 64 

Glu Asp Pro Met Gly Gin Gin Gly Ser 



<210> 65 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 65 

Glu Glu Gin Cys Leu Ser Ala Phe thr 
1 5 

<210> 66 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 66 . . 
Glu Lys Pro Tyr Gin Cys Asp Phe Lys 
1 5 

<210> 67 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 67 

Glu Lys Arg Pro Phe Met Cys Ala Ty x 



<210> 68 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 68 

Glu Pro His Glu Glu Gin Cys Leu Ser 
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1 5 

<210> 69 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 69 

Glu Gin Cys Leu Ser Ala Phe Thr Val 
1 5 

<210> 70 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 70 

Glu Ser Asp Asn His Thr Ala Pro lie 
1 5 

<210> 71 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 71 

Glu Ser Asp Asn His Thr Thr Pro lie 
1 5 

<210> 72 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 72 

Glu Ser Gin Pro Ala He Arg Asn Gin 
1 5 

<210> 73 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400^ 73 

Glu thr Ser Glu Lys Arg Pro Phe Met 
1 5 

<210> 74 
<211> 9 
<212> PRT 
» <213> Homo sapiens 

<400> 74 

Phe Ala Pro Pro Gly Ala Ser Ala Tyr 
1 5 

<210> 75 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 75 

Phe Ala Arg Ser Asp Glu Leu Val Arg 
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<210> 76 
<2I1> 9 
<212> PRT 

<213> Homo sapiens 
<400> 76 

Phe Gly Pro Pro Pro Pro Ser Gin Ala 
1 5 

<2I0> 77 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 77 

Phe Lys Asp Cys Glu Arg Arg Phe Ser 
1 5 

<210> 78 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 78 

Phe Lys Leu Ser His Leu Gin Met His 
1 5 

<210> 79 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 79 

Phe Pro Asn Ala Pro Tyr Leu Pro Ser 



<210> 80 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 80 

Phe Gin Cys Lys Thr Cys Gin Arg Lys 



<210> 81 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 81 

Phe Arg Gly He Gin Asp Val Arg Arg 



<210> 82 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 82 

Phe Ser Gly Gin Phe Thr Gly Thr Ala 
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<210> 83 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 83 

Phe Ser Arg Ser Asp Gin Leu Lys Arq 
1 5 

<210> 84 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 84 

Phe Thr Gly Thr Ala Gly Ala Cys Arg 



-<210> 85 
<211> 9 
<212> PRT 
. <213> Homo sapiens 

<400> 85 

Phe Thr Val His Phe Ser Gly Gin Phe 
1 5 

<210> 86 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 86 

Gly Ala Ala Gin Trp Ala Pro Val Leu 
1 5 

<210> 87 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 87 

Gly Ala Glu Pro His Glu Glu Gin Cys 

1 : 5 

<210> 88 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 88 

Gly Ala Thr Leu Lys Gly Val Ala Ala 
1 5 

<210> 89 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<4 00> 89 

Gly Cys Ala Leu Pro Val Ser Gly Ala 
1 5 



<210> 90 
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<2Xi> 9. 
<212> PRT 

<2I3i> Homo sapiens 

/ <400> 90 
Gly Cys Asn Lys Arg Tyr Phe Lys Leu 
* 5 

<210> 91 
<211> 9 
<212> PRT 

<213> Homo sapiens 

: <400> 91 
Gly Glu Lys Pro Tyr Glu Cys Asp Phe 
5 

<210> 92 
<211> 9 
<212> PRT 

<213> Homo sapiens 

. <400> 92 
Gly Gly Gly Gly Cys . Ala Leu Pro VaX 
1 5 

t m 

<210> 93 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 93 

Gly Gly Pro Ala Pro Pro Pro Ala Pro 
1 5 

<210> 94 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 94 

Gly His Thr Pro Sex His His Ala Ala 
1 5 

<210> 95 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 95 

Gly Lys Thr Ser Glu Lys Pro Phe Ser 
1 5 

<210> 96 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 96 

Gly Pro Phe Gly Pro Pro Pro Pro Ser 



<210> 97 
<211> 9 
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<212> PRf • 

<213> Homo sapiens 

<400> 97 

Gly Pro Pro Pro Pro Ser Gin Ala Ser 
1 5 

<210> 98 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 98 

Gly Gin Ala Arg Met Phe Pro Asn Ala 
1 5 

<210> 99 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<40Q> 99 

Gly Gin Phe Thr Gly Thr Ala Gly Ala 
1 5 

<210> 100 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 100 
Gly Gin Ser Asn His Ser Thr Gly Tyr 
1 5 

<210> 101 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 101 
Gly Ser Asp Val Arg Asp Leu Asn Ala 
1 5 

<210> 102 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 102 
Gly Ser Gin Alar Leu Leu Lei.Arg Thx 
1 "5 

<210> 103 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 103 
Gly Val Phe Arg Gly He Gin Asp Val 



<210>; 104 
<211> 9 , 
<212> PRT 
• <213> Homo sapiens 

<400> 104 
Gly Val Lys Pro Phe Gin Cys Lys Thr 



<210> 105 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 105 
Gly Tyr Glu Ser Asp Asn His Thr Ala 
1 5 

<210> 106 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> .106 • ; 

Gly Tyr Glu Ser Asp Ash His Thr Thr 

<210> 107 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 107 
His Glu Glu Gin Cys Leu Ser Ala Phe 
1 5 

<210> 108 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 108 
His His Asn Met His Gin Arg Asn Met 



<210> 109 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 109 
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His Gin Arg Arg His Thf Gly Val Lys 

<210> 110 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 110 
Bis Ser Phe Lys His Glu Asp Pro Met 
1 5 

<210> 111 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 111 
Ms Ser Arg Lys His Thr Gly Glu Lys 
^ 5 

<210> 112 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 112 
His Thr Gly Glu Lys Pro Tyr Gin Cys 
1 5 

<210> 113 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 113 
His Thr His Gly Val Phe Arg Gly lie 
1 5 

<210> 114 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 114 
His Thr Arg Thr His Thr Gly Lys Thr 
1 5 

<210> 115 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 115 
His Thr Thr Pro lie Leu Cys Gly Ala 
1 5 

<210> 116 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 116 
lie Leu Cys Gly Ala Gin Tyr Arg lie 
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1 5 

<2io> ii7 

<211> 9 
<212> PR* 

<213> Homo sapiens 

<400> 117 
lie Arg Asn Gin Gly tyr Ser Thr Val 
1 5 

<210> 118 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 118 
Lys Asp Cys Glu Arg Arg Phe Ser Arg 



<210> 119 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 119 

Lys Phe Ala Arg Ser Asp Glu Leu Val 
1 5 

<210> 120 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 120 
Lys. Phe Ser Arg Ser Asp His Leu Lys 

<210> 121 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 121 
Lys His Glu Asp Pro Met Gly Gin Gin 



<210> 122 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 122 
Lys Lys Phe Ala Arg Ser Asp Glu Leu 
5 

<210> 123 

<2ll> 9 

<212> PRT 

<213> Homo sapiens 

<400> 123 
Lys Pro Phe Ser Cys Arg Trp Pro Ser 
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<210> 124 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 124 
Lys Pro Tyr Gin Cys Asp Phe Lys Asp 

<210> 125 

<211> 9 

<212> PRT 

<213> Borao sapiens 

<400> 125 
Lys Gin Glu Pro Ser Trp Gly Gly Ala 
1 5 

<210> 126 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 126 
Lys Arg His Gin Arg Arg His Thr Gly 
1 5 

<210> 127 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 127 
Lys Arg Tyr Phe Lys Leu Ser His Leu 
1 5 

<210> 128 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 128 
Lys Thr Cys Gin Arg Lys Phe Ser Arg 



<210> 129 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40O> 129 
Lys Thr Ser Glu Lys Pro Phe Ser Cys 

<210> 130 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 130 
Leu Asp Phe Ala Pro Pro Gly Ala Ser 
1 5 
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<210> 131 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 131 
Leu Glu Cys Met Thr Trp Asn Gin Met 
1 5 

<210> 132 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 132 
Leu Glu Ser Gin Pro Ala lie Arg Asn 

. J- . 5 

<210> 133 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 133 
Leu Gly Ala Thr Leu Lys Gly Val Ala 
1 5 

<210> 134 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 134 

Leu Gly Gly Gly Gly Gly Cys Ala Leu 

<210> 135 
<211> 9 
<212> PRT 

<2l3> Homo sapiens 
<400> 135 

Leu Lys Gly Val Ala Ala Gly Seir Ser 

<210> 136 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 136 
Leu Lys Arg His Gin Arg Arg His thr 
1 5 

<210> 137 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 137 

Leu Lys Thr His Thr Arg Thr His Thr 
1 5 



<210> 138 
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<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 138 
Leu Pro Val Ser Gly Ala Ala Gin Trp 
1 5 

<210> 139 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40>0> 139 
Leu Gin Met His Ser Arg Lys His Thr 
1 5 

<210> 140 
<211> 9 
<212> PRT . 
<213> Homo sapiens 

<400> 140 
Leu Arg Thr Pro Tyr Ser Ser Asp Asn 
1 5 

<210> 141 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 141 
Leu Ser His Leu Gin Met His Ser Ara 
1 5 

<210> 142 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 142 
Met Cys Ala Tyr Pro Gly Cys Asn Lys 
1 5 

<210> 143 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 143 
Met His Gin Arg Asn Met Thr Lys Leu 
1 5 

<210> 144 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 144 

Asn Ala Pro Tyr Leu Pro Ser Cys Leu 
1 5 

<210> 145 
<211> 9 
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<212> PRT 

<213> Homo sapiens 

<400> 145 
Ash Lys Arg Tyr Phe Lys Leu Ser His 
1 5 

<210> 146 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 146 
Ash Leu Gly Ala Thr Leu Lys Gly Val 
1 5 

<210> 147 
<211> 9 
. <212> PRT 
<213> Homo sapiens 

<400> 147 
Ash Leu Tyr Gin Met Thr Ser Gin Leu 

<210> 148 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 148 
Asn Met His Gin Arg Asn Met Thr Lys 

<210> 149 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 149 

Asn Met Thr Lys Leu Gin Leu Ala Leu 
1 5 

<210> 150 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 150 
Asn Gin Gly Tyr Ser Thr Val Thr Phe 
1 5 

<210> 151 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4O0> 151 
Ash Gin Met Asn Leu Gly Ala Thr Leu 

1 ; 5 

<210> 152 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 152 
Pro Ala lie Arg Asn Gin Gly Tyr Ser 
1 5 

<210> 153 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 153 
Pro Gly Ala Ser Ala Tyr Gly Ser Leu 
1 5 

<210> 154 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 154 
Pro His Glu Glu Gin Cys Leu Ser Ala 
1 5 

<210> 155 
<211> 9 
<212> PRT 
- <213> Homo sapiens 

<400> 155 
Pro lie Leu Cys Gly Ala Gin Tyr Arg 
1 5 

<210> 156 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 156 
Pro Pro Pro Pro His Ser Phe lie Lys 
1 5 

<210> 157 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 157 
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Pro Pro Pro Pro Pro His Ser Phe He 
1 5 

<210> 158 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 158 
Pro Pro Pro Pro Pro Pro His Ser Phe 
1 5 

<210> 159 
<2il> 9 .... 
<212> PRT 

<213> Homo sapiens 

<400> 159 
Pro Ser Cys Gin Lys Lys Phe Ala Arg 
1 5 

<210> 160 

<211> 9 

<212> PRT: 

<213> Homo sapiens 

<4 00> 160 
Gin Ala Leu Leu Leu Arg Thr Pro Tyr 
1 5 

<210> 161 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 161 
Gin Ala Ser Ser Gly Gin Ala Arg Met 
1 5 

<210> 162 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40Q> 162 
Gin Cys Asp Phe Lys Asp Cys Glu Ara 
1 5 

<210> 163 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 163 
Gin Cys Lys Thr Cys Gin Arg Lys Phe 

<210> 164 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 164 
Gin Asp Val Arg Arg Val Pro Gly Val 
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1 ■ 5 

<210> 165 
<211> 9 
. <212> PRT 
<213> Homo sapiens 

<400> 165 
Gin Phe Thr Gly Thr Ala Gly Ala Cys 
1 5 

<210> 166 
<211> 9 
<212> PRT 

<213i> Homo sapiens 

<400> 166 
Gin Gly Ser Leu Gly Glu Gin Gin Tyr 

• 1 5 . 

<210> 167 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 167 

Gin Leu Glu Cys Met Thr Trp Asn Gin 
1 5 

<210> 168 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 168 

Gin Met Asn Leu Gly Ala Thr Leu.Lys 
1 5 

<210> 169 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 169 
Gin Met Thr Ser Gin Leu Glu Cys Met 
1 5 

<210> 170 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 170 
Gin Pro Ala lie Arg Asn Gin Gly Tyr 
1 5 

<210> 171 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 171 
Gin Gin Tyr Ser Val Pro Pro Pro Val 
15 
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<210> 112 
<211> 9 
<212> PRT 

<213> Homo sapiens. 

<400> 172 
Sin Arg Lys Phe Ser Arg Ser Asp His 
1 5 

<210> 173 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 173 
Gin Arg Asn Met Thr Lys Leu Gin Leu 
1 5 

<210> 174 
<211> 9 
<212> PRT ; 
<213> Homo sapiens 

<400> 174 
Gin Trp Ala Pro Val Leu Asp Phe Ala 
1 5 

<210> 175 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 175 
Gin Tyr Arg lie His Thr Bis Gly Val 

<210> 176 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 176 
Glh Tyr Ser Val Pro Pro Pro Val Tyr 
5 

<210> 177 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40Q> 177 
Arg Asp Leu Asn Ala Leu Leu Pro Ala 
1 5 

<210> 178 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 178 
Arg Phe Ser Arg Ser Asp Gin Leu Lys 

1 c 
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<2iO> 179 

<2ii> a 

<212>. PRT' 

<213> Homo sapiens 

<400> 179 
Arg Gly lie Gin Asp Val Arg Arg Val 
1 5 



<210> 180 

<211> 9 

<212:> PRt 

<213> Homo sapiens 

<400> 180 
Arg His His Asn Met His Gin Arg Ash 
1 5 

- <210> 181 
<211> 9 
<212> PRT , 
<213> Homo sapiens 

<400> 181 
Arg His Gin Arg Arg His Thr Gly Val 
1 5 



<210> 182 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 182 
Arg lie His Thr His Gly Val Phe Arg 



<210> 183 
<211> 9 
- <212> PRT 

<213> Homo sapiens 

<400> 183 
Arg Lys Phe Ser Arg Ser Asp His Leu 
1 5 

<210> 184 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40Q> 184 
Arg Lys His Thr Gly Glu Lys Pro Tyr 



<210> 185 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4 00> 185 
Arg Met Phe Pro Asn Ala Pro Tyr Leu 
1 5 

<210> 186 
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<211> 9 

<212> PRT . 
<213> Homo sapiens 

<400> 186 
Arg Asn Met Thr Lys Leu Gin Leu Ala 
1 5 

<210> 187 
<211> 9 
<212> PRT 

<213> Bomo sapiens 

<400> 187 
Arg Arg Phe Ser Arg Ser Asp Gin tea 

■ . 

<210> 188 
<211> 9 

<212> PRT • 
<213> Homo sapiens 

<400> 188 
Arg Arg His Thr Gly Val Lys Pro Pne 
5 

<210> 189 

<2X1> 9 

<212> PRT 

<213> Homo sapiens 

<400> 189 
Arg Arg Val Pro Gly Val Ala Pro Thr 

<210> 190 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 190 
Arg Ser Ala Ser Glu Thr Ser Glu Lys 
5 

<210> 191 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 191 
Arg Ser Asp Glu Leu Val Arg fiis His 

<210> 192 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 192 
Arg Ser Asp His Leu Lys Thr His Thr 



<210> 193 
<211> 9 
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<212> PRT 

<213> Homo sapiens 

<400> 193 
Arg Ser Asp Gin Leu Lys Arg His Glh 
15 

<210> 194 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 194 
Arg Thr Pro Tyr Ser Ser Asp Asn Leu 
1 5 

<210> 195 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 195 I' 
Arg Val Pro Gly Val Ala Pro Thr Leu 
1 5 

<210> 196 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 196 
Arg Trp Pro Ser Cys Gin Lys Lys Phe 
1 5 

<210> 197 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 197 
Ser Ala Ser Glu Thr Ser Glu Lys Arg 



<210> 198 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 198 
Ser Cys Leu Glu Ser Gin Pro Ala lie. 
1 5 

<210> 199 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 199 
Ser Cys Leu Glu Ser Gin Pro Thr lie 
1 5 

<210> 200 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 200 
Ser Cys Gin Lys Lys Phe Ala Arg &r 
1 5. 

<210> 201 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 201 
Ser Cys Arg Trp Pro Ser Cys Gin Lys 



<210> 202 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 202 • - 
Ser Cys Thr Gly Ser Gin Ala Leu Leu 
1 5 

<210> 203 
<211> 9 
• <212> PRT 
<213> Homo sapiens 

<400> 203 
Ser Asp Glu Leu Val Arg His His Asn 
1 5 

<210> 204 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 204 

Ser Asp Asn His Thr Thr Pro He Leu 
1 5 

<210> 205 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 205 
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Ser Asp Asn Leu Tyr Gin Met Thr Ser 

1 ..5 

<210> 206 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 206 
Ser Asp Val Arg Asp Leu Asn Ala Leu 
1 5 

<210> 207 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 207 
Ser Glu, Lys Pro Phe Ser Gys Arg Trp 



<210> 208 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 208 
Ser Glu Lys Arg Pro Phe Met Cys Ala 
1 5 

<210> 209 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 209 
Ser Glu Thr Ser Glu Lys Arg Pro Phe 
1 5 

<210> 210 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 210 
Ser Phe lie Lys Gin Glu Pro Ser Trp 
1 5 

<210> 211 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 211 
Ser Gly Ala Ala Gin Trp Ala Pro Val 
1 5 

<210> 212 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 212 
Ser Gly Gin Ala Arg Met Phe Pro Asn 
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<2id> 2i3 

<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 213 
Ser His His Ala Ala Gin Phe Pro Asn 
1 5 

<210> 214 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 214 
Ser Leu Gly Glu Gin Gin Tyr Ser Val 
1 5 

<210> 215 , 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 215 
Ser Leu Gly Gly Gly Gly Gly Cys Ala 

<210> 216 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 216 
Ser Gin Ala Ser Ser Gly Gin Ala Arg 

1 5 : 

<210> 217 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<40t» 217 
Ser Ser Asp Asn Leu Tyr Gin Met Thr 
5 

<210> 218 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 218 
Ser Val Pro Pro Pro Val Tyr Gly Cys 
1 5 

<210> 219 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 219 
Thr Cys Gin Arg Lys Phe Ser Arg Ser 
1 5 
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<210> 220 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 220 
Thr Asp Ser Cys Thr Gly Ser Gin Ala 
1 5 

<210> 221 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 221 
Thr Glu Gly Gin Ser Asn His Ser Thr 
1 5 

<210> 222 

<211> 9 - • 

<212> PRT 

<213> Homo sapiens 

<400> 222 
Thr Gly Lys Thr Ser Glu Lys Pro Phe 
1 5 

<210> 223 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 223 
Thr Gly Ser Gin Ala Leu Leu Leu Arq 
1 5 

<210> 224 
<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 224 

Thr Gly Thr Ala Gly Ala Cys Ar^ Tyr 
1 5 

<210> 225 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 225 
Thr Gly Tyr Glu Ser Asp Asn His Thr 
1 5 

<210> 226 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 226 

^Thr Leu Val Arg Ser Ala Ser Glu Thr 
1 5 
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<210> 227 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 227 
Thr Pro lie Leu Cys Gly Ala Gin Tyr 

<210> 228 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 228 

Thr Pro Ser His His Ma Ala Gin Phe 
1 5 

<210> 229 

<211> 9 

<212> PRT 

<213> Homo Sapiens 

<400> 229 
Thr Pro Ser Tyr Gly His Thr Pro Ser 

<210> 230 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 230 
Thr Pro Thr Asp Ser Cys Thr Gly Ser 
5 

<210> 231 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 231 
Thr Pro Tyr Ser Ser Asp Asn Leu Tyr 

<210> 232 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 232 
Thr Ser Glu Lys Pro Phe Ser Cys Arg 

<210> 233 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 233 
Thr Ser Glu Lys Arg Pro Phe Met Cys 



<210> 234 
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<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 234 
Thr Ser Gin Leu Glu Cys Met Thr Trp 
1 5 

<210> 235 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 235 
Thr Val His Phe Ser Gly Gin Phe Thr 
1 5 

<210> 236 

<211>9 

<212> PRT 

<213> Homo sapiens 

<400> 236 
Val Ala Ala Gly Ser Ser Ser Ser Val 
1 5 

<210> 237 
<211> 9 
<212> PRT 

<2l3> Homo sapiens - 

<400> 237 
Val Ala Pro Thr Leu Val Arg Ser Ala 
1 5 

<210> 238 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 238 
Val Phe Arg Gly He Gin Asp Val Arg 
1 5 

<210> 239 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 239 
Val Lys Pro Phe Gin Cys Lys Thr Cys 
1 5 

<210> 240 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 240 
Val Lys Trp Thr Glu Gly Gin Ser Asn 
1 5 

<210> 241 
<211> 9 
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<212> PRT 

<213> Homo sapiens 

<400> 241 

Val Leu Asp Phe Ala Pro Pro Gly Ala 
1 5 



<210> 242 
<211> 9 
<2i2> PRT 

<213> Homo sapiens 

. <400> 242 
Val Pro Gly Val Ala Pro Thr Leu Val 
5 

<210> 243 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<406> 243 
Val Arg His His Asn Met His Gin Arg 
1 5 y 

<210> 244 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 244 

Val Thr Phe Asp Gly Thr Pro Ser Tyr 
5 

<210> 245 
<211> 9 

<212> PRT : 
<213> Homo sapiens 

<400> 245 
Trp Asn Gin Met Asn Leu Gly Ala Thr 

<210> 246 

; <211> 9 

<212> PRT 

<213> iBomo sapiens 
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<400> 246 
Trp Pro Ser Cys Gin Lys Lys Phe Ala 
1 5 

<210> 247 
<211> 9 
<212> PRT 

<213> Homo sapiens* 

<400> 247 
Trp Thr Glu Gly Gin Ser Asn His Ser 

1 "5 

<210> 248 
<211> 9 
<212> PRT 

<213> Homo sapiens 

,<400> 248 
Tyr Phe Lys Leu Ser His Leu Gin Met 
1 5 

<210> 249 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 249 
Tyr Gly His Thr Pro Ser His His Ala 
1 5 

<210> 250 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 250 
Tyr Pro Gly Cys Asn Lys Arg Tyr Phe 
1 5 

<210> 251 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 251 
Tyr Gin Met Thr Ser Gin Leu Glu Cys 
1 5 

<210> 252 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 252 
Tyr Arg lie His Thr His Gly Val Phe 
1 5 

<210> 253 
<211> 9 
<212> PRT 

<213> Homo sapiens 



<400> 253 
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Tyr Ser Ser Asp Asn Leu Tyr Glh Met 
1 5 

<210> 254 
<211> 9 
<212> PRT 

<213> Mus musculus 
<400> 254 

Ala Qlu Pro His Glu Glu Gin Cys Leu 
1 5 

<210> 255 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 255 
Ala Leu Leu Pro Ala Val Ser Ser Leu 



<210> 256 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 256 
Ala Tyr Gly Ser Leu Gly Gly Pro Ala 

<210> 257 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 257 
Ala Tyr Pro Gly Cys Asn Lys Arg ;.Tyr 

<210> 258 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 258 
Cys Met Thr Trp Asn Gin Met Asn Leu 

<210> 259 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 259 
Cys Thr Gly Ser Gin Ala Leu Leu Leu 

<210> 260 
<211> 9 
<212> PRT 

<213> Mus musculus 



<400> 260 
Asp Gly Ala Pro Ser Tyr Gly His Thr 



AVOOi/62520 PCT/US01/05i702 

40 

• 1 5 

' ■■ <210* 261 
<211> 9 
<212> PRT 
<213> Mus musculus 

<400> 261 
Asp Leu Asn Ala Leu Leu Pro Ala Val 
1 5 

<210> 262 
<211> 9 
<212> PRT 
<213>.Mus musculus 

<400> 262 
Asp Pro Met Gly Gin Gin Gly Ser Leu 

1 5 o 

<210> 263 r 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 263 
Asp Ser Cys Thr Gly Ser Gin Ala Leu 
1 5 

<210> 264 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 264 
Asp Val Arg Asp Leu Asn Ala Leu ,Leu 
1 5 

<210> 265 

<211> 9 

<212> PRT 

<213> Mus musculus 

: <400> 265 
Glu Gin Cys Leu Ser Ala Phe Thr Leu 
1 5 

<210> 266 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 266 
Glu Ser Asp Asn His Thr Ala Pro lie 
1 5 

<210> 267 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 267 
Phe Pro Asn Ala Pro Tyr Leu Pro Ser 
1 5 
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<210> 268 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 268 
Gly Cys Asn Lys Arg Tyr Phe Lys Leu 



<210> 269 
<211> 9 
. <212> PRT 

<213> Mus mus euros 

<400> 269 
Gly Gin Ala Arg Met Phe Pro Asn Ala 
1 5 

<210> 270 
<211> 9 
<212> PRT ** 
<213^ Mus musculus 

<400> 270 
Gly Val Phe Arg Gly lie Gin Asp Val 



<210> 271 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 271 
Gly Tyr Glu Ser Asp Asn His Thr Ala 
1 5 

<210> 272 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 272 
His Ser Phe Lys His Glu Asp Pro Met 

1 • 5 

<210> 273 

<211> 9 

<2i2> PRT 

<213> Mus musculus 

<400> 273 
His Thr His Gly Val Phe Arg Gly Il e 



<210> 274 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 274 
Ile Leu Cys Gly Ala Gin Tyr Arg Il e 
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<210> 275 
<211> 9 ; 
<212> PR* 

<213> Mus musculus 

<400> 275 
Lys Phe Ala Arg Ser Asp Glu Leu Val 
1 5 

<210> 276 

<211> 9 

<212> PRT 

<2i3> Mus mus cuius 

<400> 276 
Lys Arg Tyr Phe Lys Leu Ser His Leu 
15 

<210> 277 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 277 
Lys Thr Ser Glu Lys Pro Phe Ser Cys 
1 5 

<210> 278 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 278 
Leu Glu Cys Met Thr Trp Asn Gin Met 
1 5 

<210> 279 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 279 
Leu Gly Gly Gly Gly Gly Cys iSly Leu 

1 . 5 : .-■ 

<210> 280 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 280 
Leu Gin Met Bis Ser Arg Lys Bis Thr 
1 5 

<210> 281 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 281 
Met His Gin Arg Asn Met Thr Lys Leu 

. 1 5 



<210> 282 
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<211> 9 
<212> PKT 

<213>/ Mus musculus 

<400> 282 
Asii Ala Pro Tyr Leu Pro Ser Cys ieu 
1 5 

<210> 283 

<211> 9 

<212> PRT 

<213> Mus mus cuius 

<400> 283 
Asn Leu Gly Ala Thr Leu Lys Gly Met 

<210> 284 

<211> 9 

<212> PRT 

<2 1 3> Mus mus cuius 

<400> 284 
As* Leu Tyr Gin Met Thr Ser Gl n Leu 
5 

<210> 285 
<211> 9 
<212> PRT 

<213> Mus mus cuius 

<400> 285 
Met Thr Lys Leu His Val Ala Leu 

<210> 286 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 286 
Asn Gin Met Asn Leu Gly Ala Thr Leu 
5 

<210> 287 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 287 
Pro Gly Ala Ser Ala Tyr Gly Ser Leu 

<210> 288 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 288 
Gin Ala Ser Ser Gly Gin Ala Arg Met 



<210> 289 
<211> 9 
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<212> PRT 

<213> Mus musculus 

<400> 289 
Gin Met Thr Ser Gin Leu Glu dys Met 
1 5 

<210> 290 

<211> 9 

<212> PRT 

<:213> Mas musculus 

<400> 290 
Gin Gin Tyr Ser Val Pro Pro Pro Val 
1 5 

<210> 291 
<211> 9 
<212> PRT 

<213> Mus musculus : / 

<400> 291 
Gin Tyr Arg lie His Thr His Gly Val 



<210> 292 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 292 
Gin Tyr Ser Val Pro Pro Pro Val Tyr 
1 5 

<210> 293 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 293 
Arg Met Phe Pro Asn Ala Pro Tyr Leu 
1 5 

<210> 294 

<211> 9 

<212> PRT 

<213> Mus musculus 
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' <4Q0> 294 
Arg Thr Pro Tyr Ser Sex Asp Asn Leu 

" 1 "' '•. **"' 5. " .. ^ '• 

<210> 295 
<211> 9 
<212> PRT 
<213> Mus musculus 

<400> 295 
Ar g Val Ser Gly Val Ala Pro Thr Leu 
1 5 

<210> 296 
<211> 9 
<212> PRT 
<213> Mus musculus. 

<400> 296 
Ser Cys Leu Glu Ser Gin Pro thr lie 
1 5 . 

<210> 297 
<211> 9 
<212> PRT 
<213> Mils musculus 

<400> 297 
Ser Cys Gin Lys Lys Phe Ala Arg Ser 



<210> 298 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 298 - 
Ser Asp Val Arg Asp Leu Asn Ala Leti 
1 5 

<210> 299 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 299 
Ser Leu Gly Glu Gin Gin Tyr Ser Val 



<210> 300 

<211> 9 

<212> PRT 

<213> Mus musculus 



<400> 300 
Thr Cys Gin Arg Lys Phe Ser Arg Ser 
1 5 

<210> 301 

<211> 9 

<212> PRT 

<213> Mus musculus 



<400> 301 
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Thr Glu Gly Gin Ser Asn His Gly He 

r 1 6 "■. 

<210> 302 
<211> 9 
<212> PRT 

<213> Mus mus cuius 

<400> 302 
Thr Leu His Phe Ser Gly Gin Phe Thr 
1 5 

<210> 303 
<211> 9 
<212> PRT 
<213> Mus musculus 

<400> 303 
Thr Leu Val Arg Ser Ma Ser Glu Thr 
1 5 

<210> 304 
<211> 9 
<212> PRT 

<213> Mus musculus 
<400> 304 

Val Leu Asp Phe Ala Pro Pro Gly Ala 
1 5 

<210> 305 
<2ll> 9 
<212> PRT 
<213> Mus musculus 

<400> 305 
Trp Asn Gin Met Asn Leu Gly Ala Thr 
1 5 

<210> 306 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 306 
Tyr Phe Lys Leu Ser His Leu Gin Met 
1 5 

<210> 307 
<211> 9 
<212> PRT 
<213> Mus musculus 

<400> 307 
Tyr Gin Met Thr Ser Gin Leu Glu Cys 

1 .5 

<210> 308 
<211> 9 
<212> PRT 

<213> Mus musculus 



<400> 308 
Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
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<210> 30$ 
<2li> 6 
<212> PRT 

<213> Homo sapiens 

<400> 309 
Gly Ala Ala Gin JTrp Ala 
1 5 

<210> 310 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 310 

Ala Ser Ala Tyr Gly Ser Leu Gly Gly Pro Ala Pro 
5 .10 

<210> 311 

<211> 15 

<212> PRT 

<?13> Homo sapiens 



<400> 311 

Ala Phe Thr Val His Phe Ser Gly Gin Phe Thr Gly Thr Ala Gly 
5 10 15 



<210> 312 
<211> 5 
<212> PRT 

<213> Homo sapiens 

<400> 312 
His Ala Ala Gin Phe 

1 5 V 

<210> 313 
<211> 32 
<212> PRT 

<213> Homo sapiens 
<400> 313 

Cys His Thr Pro Thr Asp Ser Cys Thr Gly Ser Gin Ala Leu Leu Leu 
Arg- Thr Pro Tyr Ser Ser Asp Asn Leu lyr Gin Met Thr Ser Gin Leu 

25 30 

<210> 314 
<211> 32 
<212> PRT 

<213> Homo sapiens 



<400> 314 

Axg lie His Thr His G l y val Phe Axg Gly Ile Gl„ Val flrg flrg 
* 10 15 
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Val Pro Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser 
20 25 30 

<210> 315 
<211> 4 
<212> PRT 

<213> Homo sapiens 

<400> 315 
Arg Tyr Phe Lys 
1 

<210> 316 
<211> 14 
<212> PRT 

<213> Homo sapiens 
<400> 316 

Glu Arg Arg -Phe Ser Arg -Ser -Asp Gin Leu -Lys Arg His Gin 
1 5 10 

<210> 317 

<211> 22 

<212> PRT 

<213> Homo sapiens 

<400> 317 

Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr His Thr Arg Thr 

1 5 10 15 

His Thr Gly Lys Thr Ser 
20 

<210> 318 
<211> 21 
<212> PRT 

<213> Homo sapiens 
<400> 318 

Cys Gin Lys Lys Phe Ala ~ Arg Ser Asp Glu Leu Val Arg His His Asn 

1 5 10 15 

Met His Gin Arg Asn 
20 

<210> 319 
<211> 449 
<212> PRT 
<213> Homo sapiens 

<400> 319 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Pro 

1 5 10 15 

Ser Leu Gly Gly Gly Gly Gly Gys Ala Leu Pro Val Ser Gly Ala Ala 

20 25 30 

Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala Tyr 

35 40 v 45 

Gly Ser Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro Pro 

50 55 60 

Pro Pro Pro Pro His Ser Phe He Lys Gin Glu Pro Ser Trp Gly Gly 
65 70 75 80 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Val His Phe 
85 90 95 
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Ser Gly Gin Phe Thr Gly Thr Ma GJy Ma Cys Arg Tyr Gly Pro Phe 

Gly Pro PriS Pro Pro Ser Gin Ma Ser Ser Gly Gin. Ma A^g Met Phe 

120 . ? 12S 

Pro Asn Ma Pro Tyr Leu Pro Ser Cys Leu Giu Ser Gin Pro Ma lie 

140 

Arg Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Thr Pro Ser Tyr 

Gly His Thr Pro Ser His His. Ma Ma Gin Phe Pro Asn His Ser J£' 

^ 170 im 

Lys His Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 

Tyr Ser Vai Pro Pro Pro Val Tyr sJy Cys His Thr Pro ^ Asp Ser 

. 2Q0" . one - 

Cys Thr Gly Ser Gin Ala Leu Leu Leu Arg Thr Pro Tyr Set Ser Asp 
. ^1d • 220- 

S" Gln MSt Ser Gln Leu Glu Cys Met Thr Trp Asn Gin 

Met Asn Leu Gly Ma Thr Leu Lys Gly Val Ma. Ma Gly Ser Ser s" 

250 " ' * occ 

Ser Val Lys Trp Thr Glu Gly Gin Ser Asn His Ser Thr Gly Tyr Glu 

Ser Asp Asj His thr Thr Pro lie £^ Cys Gly Ma Gin :™ Arg lie 
His Thr Hi* Gly val P he Arg Gly lie Gin Asp Vai Ar| Arg Val Pro 
Gly Val Ma Pro Thr Leu Val Arg ser Ma Ser III Thr Ser Glu Lys 
Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 
Leu Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys Pro 
Tyr Gin cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Mg Ser Asp 
Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 
Cys Lys Thr Cys Gin Arg Lys Phe " Ser Arg Ser Asp His Leu Lys Thr 
His Thr Arg Thr Bis Thr Gly Lys Thr Ser £ Lys Pro Phe Ser Cys" 
Arg Trp Pro Ser Cys Gin Lys Lys Phe Sa Arg Ser Asp Glu Leu Val 
Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu Gin Leu Ala 
Leu 440 445 



<210> 320 
<211> 449 
<212> PRT 
<213> Mus musculus 



<400> 320 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ma Val Ser 

Ser Leu Gly Gly Gly Gly Gly Cys Gly L^u Pro Val Ser Gly Ma Ma 

Gin Trp Ma Pro Val Leu Asp Phe 2a Pro Pro Gly Ala Hr Ala Tyr 

Gly Ser Leu Gly Gly Pro Ma Pro Pro Pro Ma Pro Pro Pro Pro Pro 

" 60 
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Pro Pro Pro Pro His Ser Phe lie Lys Gin Glu Pro Ser Trp Gly Gly 
Ala Glu Pro His Glu Glu Gin Cys Leu Ser lla Phe Thr Leu His IL 

85 90 Q»5 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe. 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

120 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Thr He 

* 135 140 

Arg As„ G i„ Gly Tyr s ^ Thr m Thr phe ^ &y ^ pro ^ ^ 

Gly His Thr Pro Ser His His Ala Ala Gin Phe Pro Asn His Ser Pne 

:-ioo.. 170 1 7K 

Lys His Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 
^' cu 185 ion 

Tyr Ser Val Pro Pro Pro Val Tyr Gly Cys His Thr Pro S Asp Ser 

• Cys Thr Gly Sef Gln Ala Leu Leu Leu- Arg Thr Pro Tyr Ser Ser Asp 

215 220 
Asn Leu Tyr Gin Met Thr Ser Gin Leu Glu Cys Met Thr Trp Asn Gin 

Met Asn Leu Gly Ala Thr Leu Lys Gly Met Sa Ala Gly Ser Ser Ur 

245 250 ore 

Ser Val Lys Trp Thr Glu Gly Gin Ser Asn His Gly He Gly Tyr Glu 

265 OTA 

Ser Asp Asn His Thr Ala Pro lie Leu Cys Gly Ala Gin Tyr Arg lie 

* 280 ^ft*^ 

Hxs Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg Arg Val Ser 

300 

|ly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser Glu Lys 

Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Isn Lys Arg Tyr Phe Lys 

330 "3^*; 
Le« Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys" Pro 

??W "345 "^Rfl 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser j£J Ser Asp 

r*t t .360 ^fis 

Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 

r* J/D 380 

gs Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr 
His Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 
Arg Trp His Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu ieu Val 
Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu Hxs Val Ala 
Leu 440 4 45 



<210> 321 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus musculus 

<400> 321 
Pro Ser Gin Ala Ser Ser Gly Gin Ala 
1 5 

<210> 322 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus musculus 
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<466> 322 
Ser Ser a^OlM^^/j^'g-mt'TE^ Pro 
1 -5 

<210> 323 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus musculus. 

<400> 323 
Glh Ala Arg Met PhePro Asn Ala Pro 

I ; ■ ■ 5V 

<21t» 324 
<211> 9 
<212> PRT 

<213> Homo sapiens arid Mus musculus 

<400> 324 
Met Phe Pro Asn Ala Pro Tyr Leu Pro 

1 5 ■■' 

<210> 325 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus musculus 

<400> 325 
Pro Asn Ala Pro Tyr Leu Pro Ser Cvs 
1 5 

<210> 326 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus f musculus 

<400> 326 ; ' 
Ala Pro Tyr Leu Pro Ser Cys Leu Glu 
1 5 
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